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ASTRONOMY 


EXPLAINED UPON 


Sir ISAAC NEWTON’s PRINCIPLES. 


CAEP AY Prog, 
Of Afironomy im general. 


$. F all the f{ciences cultivated by mankind, The gent. 

Aftronomy is acknowledged tobe, and quae a 

undoubtedly is, the moft fublime, the moft 
jnterefting, and the moft ufeful. For, by know- 
ledge derived from this {cience, not only the bulk 
of the Earth is difcovered, the fituation and extent 
of the countries and kingdoms upon it afcertained, 
trade and commerce carried on to the remoteft 
parts of the world, and the various products of: 
feveral countries diftributed for the health, comfort, 
and conveniency of it’s inhabitants; but our very 
faculties are enlarged with the grandeur of the ideas 
it conveys, our minds exalted above the low con- 
tracted prejudices of the vulgar, and our under- 
ftandings clearly convinced, and affected with the 
conviction of the exiftence, wifdom, power, good- 
nefs, immutability, and fuperintendency of the 
SUPREME BEING! So that without aa hy- 
perbole, | 

“ An undevout Afronomer is mad™.” 

2. From this branch of knowledge we alfo learn 
by what means or laws the Almighty carries on, 
and continues the admirable harmony, order, and 
connexion obfervable throughout the planetary 
fyftem; andare led by very powerful arguments to 
form the pleafing deduction, that minds capable of 


* Dr, Younce’s Night Thoughts. 


B fuch 


The Earth 
but a point 
as feen from 
the Sun. 


The Stars. 


are Suns, 


and innu- 


1 merable, 


Of Aftronomy in ceneral. 
/ } 


fuchy deep» refearches “not only derive their origin 
from that adorable Being, but are alfo incited to 


alpire after a more perfect knowledge of his nature, 


and a ftricter conformity to his will. 7 
3. By Aftronomy we-difcover that the Earth is 
at lo great a diftance from the Sun, that if feen from 


thence it would appear no bigger than a point; 


although it’s circumference is known to be 25,020 


miles. Yet that diftance is fo fmall, compared 


with the Earth’s diftance from the Fixed Stars, 
that if the orbit in which the Earth moves round 
the Sun were folid, and feen from the neareft 
Star, 1t would likewife appear no bigger than a 


point, although it is at leaft 162 millions of miles 


in diameter. For the Earth in going round the 
Sun is 162 millions of miles nearer to fome of the 
Stars at one time of the year, than at another ; 
and yet their apparent magnitudes, fituations, and 
diftances from one another {till remain the fame ; 
and a telefcope which magnifies above 200 times 
does not fenlibly magnify them: which proves 
them to be at leaft 400 thoufand times farther 
from us than we are from the Sun. 

4. It is not to be imagined that all the Stars are 
placed in one concave furface, fo as to be equally 
diftant from us; but that they are feattered at im- 
menfe diftances from one another through wunli- 


mited fpace. So that there may be as great a dif 


tance between any two neighbouring Stars, as be- 
tween our Sun and thofe which are heareft to him. 
Therefore an Cbferver, who is neareft any fixed 


Star, will look upon it alone as a real Sun; and 
confider the reft as fo many fhining points, placed 


at equal diftances from him in the Firmament. 


5. By the help of telefcopes we difcover thoufands 


of Stars which are invifible to the naked eye; and 
the better our glaffes are, itill the more become 
vifidle: fo that we can {et no limits either to their 
nuniber or their diftances. The celebrated Huy- 
Giws carries his thoughts’ fo far, as to believe it 

f not 


} 
| 


Of Afronomy in general. 
fiot impoffible that there.may be Stars at fuch: 
inconceivable diftances, that their light has not yet 
reached the Earth fince it’s. creation; although 
the velocity of light be a million of times greater 
‘than the velocity of a cannon-bullet, as fhall be 
demonftrated afterwards, § ig7, 216: andy as 
Mr. Appison very juftly obferves, this thought is 
far from being extravagant, when we confider that 
the Univerfe is the work of infinite power, prompt- 
ed by infinite goodnefs; having an infinite fpace. 
to exert itfelf in; fo that our imaginations can fet 
no bounds to it. 
6. The Sun appears very bright and large in why the 
comparifon of the Fixed Stars, becaufe we “keep ae he 
conftantly near the Sun, in comparifon of our im- the Stars. 
mente diftance from the Stars. For, a {pectator, 
placed as near to any Star as we are to the Sun,, 
would fee that Star a body as large and bright as: 
the Sun appears to us: and a fpectator, as far 
diftant from, the Sun as we are from the Stars, 
“would fee the Sun as {mall as we fee a Star, di- 
vetted of all it’s circumvolving Planets ; and would, 
~ reckon it one of the Stars in numbering them. 
The Stars, being at fuch immente diftances The Stars 
from the Sun, cannot poffibly receive from him fo A ane 
{trong alight as they feem to have; nor any bright- the Sun. 
nefs fufficient to make them vifible to us. For 
the Sun’s rays muft be fo feattered and diffipated 
before they reach fuch remote objects, that. they. 
can never be tranfmitted back to our eyes, fo as 
to render thefe objects vifible. by reflexion. The 
Stars therefore fhine with their own native and un- 
borrowed luftre, as the Sun does; and. fince each 
particular Star, as well as the Sun, is confined to a 
particular portion of fpace, it is plain that the Stars 
are of the fame nature with the Sun. 

8. It is noways probable. that the. Almighty, 
who always acts with inflaité wifdomeand does no- 
thing in vain, fhould create fo meats slorious Suns, 
fit for fo many important purpoles, and place them, 

B2 at 


Oo 


They are 
probably 
furrounded 


by Planets. 


: The ftellar 


Of Aftrenomy in veneral. 


at fuch diftances from one another, without pro 
per objects near enough to be benefited by their 
influences. Whoever. imagines they were created 


only to give a faint glimmering light to the inha- 


bitants of this Globe, muit have a very fuperficial 
knowledge of Aftronomy, and a mean opinion of 
the Divine Wifdom: fince, by an infinitely lets 
exertion of creating power, the Deity could have 


given our Earth much more light by one fingle 


additional Moon. 

g. Inftead then of one Sun and. one World only 
in the Univerfe, as the unfkilful in Aitzonomy 
imagine, tbat Scisnde difcovers to us fuch an ins 
conceivable number of Suns, a See and Worlds, 
difperfed through boundlefs Space, that if our Sun, 
with all the Planets, Moons, and Comets belong- 
ing to it, were annihilated, they would be no more 
mauled, by an eye that could take in the whole 
Creation, than a grain of fand from the fea-fhore. 
The {pace they “poflels. being comparatively fo 
fmall, that it would fcaree be a fenfible blank in 
the Univers, although Saturn, the outermoft of 
our Planets, revolves. about the Sun in an Orbit 
of 4884 millions of miles in circumference, and 
fome of our Comets make excurfions upwards of 


ten thoufand millions of miles beyond Saturn’s. 


Orbit ; and yet, at that amazing diftance, they are 
incomparably nearer to the Sun than. to any of the 
Stars; as is evident from their keeping clear of 
the attractive power of all the Stars, and returning 
periodically by virtue of the Sun’s attraction. 

10. From what we know of our own Syftem, it 


Planets may may be reafonably concluded, that.all the reft are 


be habi- 
table, 


with equal wifdom contrived,. fituated,, and pre- 
vided. with accommodations for rational inhabi- 
tants. Let us therefore take a furvey of the 
Syftem to which we belong; the only one accef 


fable to us; and from thence we fhall. be the better: 


enabled to judge of the nature and end of the 
other Syftems of the Univerfe. For although. 
; | , there: 


* 


Of Afironomy in general. , 5 


there is almoft an infinite variety in the parts of 
the Creation which we have opportunities of exa- 
inining, yet there is a general analogy running 
through and connecting all the parts into one 
{cheme, one defign, one whole ! 

11. And then, to an attentive confiderer, it will 
appear highly probable, that the Planets of our 
Syitem, together with their attendants called Satel- 
lites or Moons, are much of the fame nature with aan 
our Earth, and deftined for the like purpoles. are. 
For, they are folid opaque Globes, capable of fup- 
porting animals and vegetables. Some of them 
are bigger, foaie lefs, and fome much about the 
fize of our arth. They all circulate round the 
Sun, as the Earth does, in a fhorter or longer 
time, according to their refpective diftances from 
him; and have, where it would not be inconve- 
nient, recular returns of fummmer and winter, {pring 
and au:umn. They have warmer and colder 
climates, as the various productions of our Earth 
require: and, in fuch as afford a poflibility of 
diicovering it, we oblerve a regular motion round 
their axes like that of our Earth, caufing an alrer- 
nate rerurn of day and night; which is neceflary 
for labour, reft, and vegetation, and that all parts 
of their furfaces may be expofed to the rays of 
the Sun. 

12. Such of the Planets as are fartheft from the The frthet 
San, and therefore enjoy leaft of his light, have a: 
that deficiency made up by feveral Moons, which mott Moons 
conftantly accompany, and revelve about them, Eanes 
as our Moon revolves about the Earth, The 
remoteft Planet has, over and above, a broad ring 
encompafling it, which lke a lucid Zone in the 
Heavens refeéts the Sun’s light very copioufly on 
that Planet: fo that if the remoter Planets have 
the Sun’s light fainter by day than we, they have 
an addition made to it morning and evening by 
one or more of their Moons, and a greater quan- 
tity of light in the night-time. | 

saa B 3 13. 


Our Moon 
mountai- 
nous like 
the Earth, 


.Nomberlefs 
Suns and | 
W orlds, 


Of Aftrouomy in general. 


13. On the furface of the Moon, becaufe it is 
nearer us than any other of the celeftial Bodies 
are, we difcover a nearer refemblance of our Earth. 
For, by the affiftance of telefcopes, we obferve the 
Moon to be full of high mountains, large valleys, 
and deep cavities. Thefe fimilarities leave us no 
room to doubt, but that all the Planets and 
Moons in the Syftem are defigned as commodious 
habitations for creatures endowed with capacities 
of knowing and adoring their beneficent Creator. 

14. Since the Fixed Stars are prodigious fj eres 
of fire, ike our Sun, and at inconceivabh dif- 
tances from one another, as.well as from us, it is 
reafonable to conclude they are made for the fame 
purpofes that the Sun is; each to beftow light, 
heat, and vegetation on a certain number of in- 
habited Planets, kept by grayitation within the 


{phere of it’s activity. 


15. What an auguft! what an amazing concep- 
tion, 1 human imagination can conceive it, does 
this give of the works of the Creator! Thoufands 


_of thoufands of Suns, multiplied without end, and 


ranged all around us, at immenfe diftances from 


each other, attended by ten thoufand times ten 


thoufand Worlds, all in rapid motion, yet calm, 
regular, and harmonious, invariably keeping the 
paths prefcribed them; and thefe Worlds peopled 


with myriads of intelligent beings, formed for 


endleis: progreffion in perfection and felicity. 


16. If fo much power, wifdom, goodnefs, and 
magnificence is difplayed in the material Creation, 
which is the leaft confiderable part of the Uni- 


_verfe, how great, how wife, how sood mutt HE 


be, who made and governs the Whole ! 
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Of the Solar Syffem oe 
Ore A PTE 
A brief Defcription of the SOLAR SYSTEM. 
a Bal Planets and Comets which move PLATE. 


round the Sen as their center, conftiture *8* 

the Solar Syftem. ‘Thofe Planets which are near 

the Sun not only finith their circuits fooner, but 
likewife move fatter in their refpective Orbits, than The Sola 
-thofe which are more remote from him. 1 heir ie 
motions are all performed from weft to eait, in 
Orbits nearly circular. Their names, diftances, 
bulks, and periodical revolutions, are as follow. 


18. The Sun ©, an immenfe globe of fire, is The Sun. 
placed near the common center, or rather in the 
lower * focus, of the Orbits of all the Planets and 
Comets +; and turns round his axis in 25 days 
6 hours, as is evident by the motion of {pots feen 
on his furface. His diameter is computed to be Fig.} 
763,000 miles; and, by the various attractions of 
the circumyolving Planets, he is agitated by a 


* If a thread be tied loofely round two pins ftuck in a table, 
and moderately ftretched by the point of a black-lead pencil 
carried round by an even motion and light preffure of the hand, 
an oval or ellipfis will be defcribed; the two points where the 

pins are fixed being called the foc? or focutes thereof, The ' 
Orbits of all the Planets are elliptical, and the Sun 1s placed — 
in or near to one of the foci cf each of them: and that in which 
he is placed, is called the lower focus. 

+ Aftronomers are not far from the truth, when they 

reckon the Sun’s center to be in the lower focus of all the Pla- 

© netary Orbit, Though ftridtly fpeaking, if we confider the fo- 
cus of Mercury’s Orbit to be in the Sun’s center, the focus of 
Venus’s Orbit will be in the common center of gravity of the 

Sunland Mercery ; the focus of the Earth’s Orbit in the com- . 

mon center of gravity of the Sun, Mercury, and Venus; the — 
focus of the Orbit of Mars in the common center of gravity of 
the Sun, Mercury, Venus, and the Earth ; and fo of the reft. 
Yet, the focufes of the Orbits of all the Planets, except Saturn, 
will not be fenfibly removed from the center of the Sun; nor 
will the focus of Saturn’s Orbit recede fenfibly from the com- 
mon center of gravity of the Sun and Jupiter. 


B 4 {mall 


8 
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Of the Solar Syftem, 


Syftem. All the Planets, as feen from him, move 
the fame way, and according to the order of Signs 
in the graduated Circle ¥ ¥ a o &c. which repre- 
{ents the great Ecliptic in the Heavens: but, as 
feen from any one Planet, the reft appear fome- 
times to go backward, fometimes forward, and 
fometimes to ftand ftill ;- not in circles nor ellipfes, 
but in * looped curves which never return into 
themielves. The Comets come from all parts. of 
the Heavens, and move in all forts of dire¢tions. 
19. Eiaving mentioned the Sun’s turning round 
his axis, and as there-will be frequent occafion to 
{peak of the like motion of the Earth and other 
Planets, it is proper here to.inform the young Tyro 
in Aftronomy, that neither the Sun nor Planets 
have material axes to turn upon, and fupport them, 
as in the little imperfeét Machines contrived to 
reprefent them. For the axis of a Planet is 4 line 
conceived to be drawn through it’s center, about 
which it revolves as on a real axis. . The extre- - 
mities of this line, terminating in oppofite points 
of the Planet’s furface, are called it’s Poles. That 
which points towards the northern part of the — 
Ficavens, is called the North Pole; and the other, 
pointing towards the fouthern part, is called the 
Soul Pole. A bowl whirled from one’s hand into. 
the cpen air turns round fuch a line within itfelf, 
whilft it moves forward; and fuch are the lines — 
we mean, when we fpeak of the Axes of the 
Fieavenly bodies. 48 ne] 
20. Let us {uppofe the Earth’s Orbit to be a . 
thin, even, folid plane; cutting the Sun through ~ 


the center, and extended out as far as the Starry 


Fleavens, where it will mark the great Circle called 
the Echiptic. This Circle we fuppote to be divided 


into 12 equal parts, called Signs, each Sign into 


39 equal parts, called Degrees ;” each Degree into 
60 equal parts, called Minutes, and every Minute 
* As reprefented in Plate I, Fig, I. and deferibed § 138. 

| into 


7 


Of the Sclar Suftem. 9 


into 60 equal parts, called Seconds: fo that a Second PLATET. 
is the 60th part of a Minute; a Minute the 6oth 
part of a Degree; and a Degree the 360th part of 

a Circle, or 30th part of a Sign. The Planes of 

the Orbits of all the other Planets hkewile cut the 

Sun in halves; but extended to the Heavens, form 
Circles diee-tort from one another, and from the 
Ecliptic; one half of each being on the northy Their 
fide, and the other on the fouth fide of it. Con- Nos 
fequently the Orbit of each Planet croffes the Eclip- 

tic in two oppofite points, which are called the Pla- 
net’s Nodes. Thefe Nodes are all in different parts 

of the Ecliptic; and therefore, if the planetary. 
Tracks remained vifible in the Heavens, they would 

in fome meafure refemble the different ruts of 
waggon-wheels croffing one another in different 
parts, but never going far afunder. ‘That Node, 

or Interfection of the Orbit of any Planet with the 
Earth’s Orbit, from which the Planet afcends north- 
ward above. the Ecliptic, is called the A/cending 
Node of the Planet; and the other, which is di- 
rectly oppolite thereto, is called it’s De/cending Node. 
Saturn’s Afcending Node is in 21 deg. 13 min. of Where fitu- 
Cancer =, Jupirer sin 7 deg. 29 min. of the fame ** 
Sign, Mars’s in 17 deg. 17 min. of ‘Taurus ¥, 
Venus’ $ in 13 deg. 59 min. of Gemini m, and 
Mercury’s in 14) deg. 43 min. of Taurus. "Here 

we confider the Earth’s Orbit-as the ftandard, and 

the Orbits of all the other Planets as obligue to it. 

21. When we fpeak of the Planets Orbits, all Tet 
that is meant is their Paths through the open and wha. ; 
unrefifting Space in which they moves; and are. 
kept in, by,the attractive power of the Sun, and 
the projectile force impreffed upon them at firft : 
between which power and:force there is fo exact 
an adjuftment, that they continue in the fame 
tracks without any folid Orbits to confine them. 


22. Mercury, the neareft Planet to the Sun, mercer 5 
goes round him (as in the circle marked ¥ ) in 87 Fig. 1. 
days 
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PLATEI, days 23 hours of our time nearly; which is the’ 
length of his year. But, being feldom feen, and 
no {pots appearing on his furface or difc, the time 
of his rotation on his axis, or the length of his’ 
days and nights, is as yet unknown. His diftance 
from the Sun is computed to be 32 millions of 
miles, and his diameter 2600. ‘In his courfe, 
round the Sun, he moves at the rate of 95 thou- 
{and miles every hour. His light and heat from 
the Sun are almoft feven times as oreat aS ours ; 
and the Sun appears to him almoft feven times as 

Mey beins Jarge as tous. The great heat on this Planet is 

NO argument againft it’s being inhabited; fince 

the Almighty could as eafily fuit the bodies and 
conftitutions of it’s inhabitants to the heat of their 
dwelling, as he has done ours to the temperature 

of our Earth. And it is very probabie that the 

people there have fuch an opinion of us, as we 

have of the inhabitants of Jupiter and Saturn;- 
namely, that we muft be intolerably cold, and 

have very little light at fo great a diftance fiom 

the Sun. | | Vow 

enti 23. This Planet appears to us with all the vari- 
phafes with Ous phafes of the Moon, when viewed at different 
the Moos times by a good telefcope ; fave only that he never 
. appears quite Pull) becaufe his enlightened fide is 
never turned directly towards us but when he is 

fo near the Sun as to be loft to our fight in it’s’ 

beams. And, as his enlightened fide is always to- 

ward the Sun, it is plain that he fhines not by any 

light of his own, for if he did, he would con- 
itantly appear round. That he moves about the 

Sun in an Orbit within the Earth’s Orbit is alfo 

plain (as will be more largely fhewn by and by, 

§ 141, & feg.) becaufe he is never feen oppofite 

to the Sun, nor above 56 times the Sun’s breadth . 

from his center. | WTA TEN 

His Orbit 24. His Orbit is inclined feven degrees to the 

andNodes.. Eicliptic s and that Node, § 20, from which “he. 
afcends northward above the Ecliptic,. is in the 

14th 


s 
- 
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x4th degree of Taurus; the oppofite, in the 14th PLATE I 
degree of Scorpio. The Earth is in thefe points 

on the 6th of Nevember and 4th of May, new ftyle ; 

and when Mercury comes to either of his Nodes 

at his * inferior Conjunction about thefe times, he 

will appear to pafs over the.dife or face of the Sun, 

dike a dark round fpot. But in ali other parts of 

his Orbit his Conjunétions are invifible, becaufe 

he either goes above or below the Sun. 

25. Mr. Wuiston has given us an account of When he 
feveral periods at which Mercury may be feen on eee 
the Sun’s difc, viz. In the year 1782, Nov. 12th, the Sun. 
at 3h. 44 m. in the afternoon: 1786, May 4th, 
at 6h. 57 m. in the forenoon: 1789, Dec. 6th, at 
3h. 55 m.in the afternoon; and 1799, May vth, 
at 2h. 34m, in the afternoon. There will be 


feveral intermediate Tranfits, but none of them 
vilible at London. 


26. Vewus, the next Planet in order, is com- Venus. 
puted to be 59 millions of miles from the Sun; 
and by moying at the rate of 69 thoufand miles 
every hour in her Orbit (as in the circle marked ¢ ), Fig. L 
fhe goes round the Sun in 224 days 17 hours of 
‘our time nearly; in which, though it be the full 
length of her year, fhe has only 9% days, accord- 
ing to Biancurnt’s obfervations; fo that in her, 
every day and night together is as long as 24% days 
and nights with us. ‘This odd quarter of a day in 
every year makes every fourth year a leap-year to 
Venus; as the like does to our Earth. Her dia- 
meter is 7906 miles; and by her diurnal motion 
the inhabitants about her Equator are carried 43 
miles every hour, befides the 69,000 above-men- 
Popedin <fo\ | 

27. Her Orbit includes that of Mercury within Her orbit 
“it; for at her greateft Elongation, or apparent dif- lies between 


‘ . ? the Earth 
tance from the Sun, fhe is 96 times his breadth ana Mer- 


5 Py . sf cury. 
* When he is between the Earth and the Sun in the nearer 
part of his Orbit. ae 


from 
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from his center; which is almoft double of Mer- 
cury’s.. Her Orbit is included by the Earth’s ; for 
if it were not, fhe might be feen as often in Oppo- 
fition to the Sun, as fhe is in Conjunction with 
him; -but fhe was never feen go degrees, or a 
fourth part of a Circle, from the Sun. | 
Sheisour ». 28, When Venus appears weft of the Sun, fhe 
mornings fog before him in the morning, and 1s called the 
byturas, = Morning Stare when fhe appears eaft of the Sun, 
fhe fhines in the evening atter he fets, and 1s then 
called the Evening Star: ae each in it’s turn 
for 290 days. It may perhaps be furprifing at 
firft, that Venus fhould keep longer on the eatt or 
weft of the Sun, than the whole time of her. Pe- 
_tiod round him. , But the difficulty vanilhes wnen 
we confider that the Earth is all the while going 
round the Sun the fame way, though not fo quick 
as Venus: and therefore her relative motion to 
the Earth mutt in every Period be as much flower 
than her abfolute motion in her Orbit, as the 
Farth during that time advances forward in the 
Ecliptic ; which is 220 degrees. To us fhe ap- 
pears pele a telefcope 1 in all the various fhapes 
of the Moo 
29.\/ Lhe thc of Venus. is inclined 75 ‘deorees 
to. the Axis of her Orbit; which is) 514 » degrees 
more than our Earth’s Axis is inclined to the TAXIS 
of the: Ec} ipuc : and therefore her feafons vary 
much more than ours do, The North Pole of her 
Axis inclines toward the 2oth degree of Aqua- 
rius,’ our Earth’s to the beginning of Cancer ; 
soran lenis the northern parts of Venus have 
juramer in the Signs where thofe of our Earth 
have whined and vice versa. iLO Viaveheotan 
Remarkable 30, The * artificial day at each i of Venus 
sree ines long as 1124 + natural days on our Earth. 
ifs teptetiby gineth ia, Gia greateft Declination on each fide 


and polar gf eet Equator amounts to 75 degrees; therefore 
Circles, how 


fituated. * Phe time between the Sun’s ‘iia Mae 
+ One entire revolution, or 24 hours. 


her 
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her * Tropics are only 15 degrees from her Poles; 
and her + Polar Circles as far from her Equator. 
Confequently, the Tropics of Venus are between 
her Polar Circles and her Poles; contrary to what 
thofe of our Earth are. | 

- 32. As her annual Revolution contains only 9 
of her days, the Sun will always appear to go 
through a whole Sign, or twelfth Part of her 
Orbit, in little more than three quarters of her 
matural day, or nearly in 183 of our days and 
nights. . 

23. Becaufe her day is fo great a part of her 
year, the Sun changes his Declination in one day 
fo much, that 1f he pafies vertically, or directly 
ever head of any given place on the Tropic, the 
next day he will be 26 degrees from it: and what- 
ever place he paffes vertically over when in the 
Equator, one day’s revolution will remove him 
36+ deerees from it. So that the Sun changes 
his Declination every day in Venus about 14 de- 
@rees more at a mean rate, than he does in a 
quarter of a year on our Earth. This appears to 
be providentially ordered, for preventing the too 
ereat effects of the Sun’s heat (which is twice as 
great on Venus as on the Earth) fo that he cannoe 
fhine perpendicularly on the fame places for two 
days together; and by that means, the heated 
places have time to cool. 3 


The Sun’s 


dailyCourfe, 


and great 


Declination. 


34. If the inhabitants about the North Pole of To deter. 


Venus fix their South, or Meridian Line, through 
that part of the Heavens where the Sun comes. to 


his create Height, or North Declination, and call 


_ * Thefe are lefler circles parallel to the Equator, and as 
many degrees from it, towards the Poles, as the Axis of the 


Planet is inclined to the Axis of it’s Orbit... When the Sun 1s 


advanced fo far north or fouth of the Equator, as to be directly 
over either Tropic, he gocs no farther; but returns towards 
the other. 

+ Thefe are leffer circles round the Poles, and as far from 
them as the Tropics are‘from the Equator. ‘The Poles are the 
very north and {gath points of the Planet, | | 
thofe 


mine the - 
points of the 
Compafs-at, 
her Poles. 
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thofe the Eaft and Weft points of their Horizotiy 
which are 90 degrees on each fide from that point — 
where the Horizon is cut by the Meridian Line; 
thele inhabitants will have thé following remark~ 
ables. | Pe 
. The Sun will rife 225 degrees * north of the 
Eaft, and going on 112% degrees, as meafured on 
the plane of the + Horizon, he will. erofs the 
_ Meridian at an altitude of 123 degrees; then 
making an entire revolution without fetting, he 
will crofs it again at an altitude of 482 degrees ; 
> at the next revolution he will crofs the Meridian 
as he comes to his greateft height and declination, 
Surprifne at the altitude of 75 degrees; being then only 16 
atherPoles, degrees fromthe Zenith, or that point of the 
Fleavens which is directly over head: and thence 
he will defcend in the like fpiral manner; croffing 
the Meridian firft at the altitude of 48+ degrees ; 
next at the altitude of 122 degrees; and going on 
thence 1124 degrees, he will fet 224 degrees north 
of the Weft; fo that, after having been 45 révo- 
lutions above the Horizon, he defcends below it to 
exhibit the like appearances at the South Pole. ~ 
35- At each Pole, the Sun continues half a year 
without fetting in fummer, and as long without 
rifling in winter; confequently the polar inhabi-’ 
tants of Venus have only one day and one night in, 
the year; as it is at the Poles of our Earth. But 
the difference between the heat of fummer and cold 
of winter, or of mid-day and mid-night, on Vez 
nus, is much greater than on the Earth: becaufe 
in Venus, as the Sun is for half a year together 
above the Horizon of each Pole in it’s turn, {0 he 
is for a confiderable part of that time near the Ze- 
nith ; and during the other half of the year; always | 
below the Horizon, and for a great part of that 
time at leat 70 degrees from it. Whereas, at the 
* A Degree is a 360th, part of any Circle. See§2r. 
+ ‘The Limit of any inhabitant’s view, where the Sky fesms 
to touch the Planet al! round him. Nd a 
i ‘Poles’ 
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Poles of our Earth, although the Sun is for half a 
year together above the Horizon; yet,he never af- 
cends above, nor defcends below it, more than 232. 
degrees. When the Sun is in the Equinoétial, or 
in that Circle which divides the northern half of 
the Heavens froin the fouthern, he is feen with 
one half of his Dife above the Horizon of the North 
Pole, and the other half above the Horizon of the 
South Pole; fo that his center is in the Horizon 
of both Poles: and then defcending below the 
Horizon of one, he afcends gradually above that 
of the other. Hence, in a year, each Pole has one 
{pring, one harveft, a fummer. as long as them 
both, and a winter equal in length to the other three 
feafons. 

36. At the Polar Circles of Venus, the feafons At her po- 
are much the fame as at the Equator, becaufe “°""* 
there are only 15 degrees betwixt them, § 31; 
only the winters are not quite fo long, nor the 
fummers fo fhort: but the four feafons come twice 
round every year. 

37. At Venus’s Tropics, the Sun continues for At her 
about fifteen of our weeks together without fetting “7? 
in fummer; and as long without rifing in winter. 
Wohilft he is more than 15 degrees from the Equa- 
tor, he neither rifes to the inhabitants of the one 
Tropic, nor fets to thofe of the other: whereas, 
at our terrefirial Tropics, he rifes and fets every 
day of the year. b 

38. At Venus’s Tropics, the Seafons are much 
the fame as at her Poles; only the fammers area 
little longer, and the winters a little fhorter. 

9. At her Equator, the days and nights are Seba 
always of the fame length; and yet the diurnal 7" 
and nocturnal Arches are very different, efpecially 
when the Sun’s declination is about the greatett : 
for then, his meridian altitude may fometimes be 
twice as great as his midnight depreffion, and at 
other times the reverfe. When the Sun is at. his 
greateft Declination, either North or South, his . 


ie | rays 
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rays are as oblique at Venus’s Equator, as they 
are at Lendon on the fhorteft day of winter. 
Therefore, at her Equator there are two winters, 
two fummers, two fprings, and two autumns every 
year. But becaufe the Sun ftays for fome time 
near the Tropics, and pafies fo quickly over the 
Equator, every winter there will be almoft twice 
as long as fummer: the four feafons returning 
twice in that time, which confifts only of 9+ days. 
40. Thofe parts of Venus which lie between the 
Poles and Tropics, and between the Tropics and 
Polar Circles, and alfo between the Polar Circles 
and Equator, partake more or lefs of the Pheno- 
mena of thefe Circles, as they are more or lefs dif- 
tant from them. 
Gaga, sifles. 41. From the quick change of the Sun’s decli- 
rence of the 
Sunzam. nation it happens, that if he "riles due eaft on any > 
plitude at day, he will not fet due weft on that day, as with 
rifing and 
fetting US; for if the place where he rifes due eaft be on 
the Equator, he will fet on that day almoft weit- 
north-weft; or about 18% degrees north of the- 
weft. Bur if the place be in A5 ; degrees north lati- 
tude, then on the day that the Son rifes due eaft 
he will fer north-weft by weft, or 33 degrees north 
of the weft. And in 62 degrees north latitude, — 
when he rifes in the eaft, he fers not in that revo- 
lution, but juft touches the Horizon 10 degrees © 
to the weft i the north point; and afcends again, 
continuing for 34 revolutions above the Horizon 
without fettihe. Therefore, no place has the fore- 
noon and afternoon of the fame day equally long, 
-unlefs it be in the Equator, or at the Poles. ; 
The loner g | 4.7... Phe ‘Suin"s altitude at noon, or any other 
places eafily time of the day, and his amplitude at rifing and 
foundin  fetting, being very different at places on the fame | 
caus, Sr ya 
parallel of latitude, according to the different lon- — 
citudes of thofe places, the longitude will be almoft 
as eafily found on Venus, as the latitude is found 
on the Earth: which is an advantage we can never | 
peg becaufe the daily change of the Sun’s decli- 
nation 
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nation is by much too fmall for that important 
purpofe. | 
43. On this Planet, where the Sun croffes the Her Equi- 
Equator in any year, he will have 9 degrees o ae ee 
declination from that place on the fame day and éay forward 
hour next year; and will crofs the Equator go de- “7 
erees farther.to the weft; which makes the time 
of the Equinox a quarter of a day (or about fix of 
our days) later every year. Hence, although the 
fpiral in which the Sun’s motion is performed, be. 
of the fame fort every year, yet it will not be the 
very fame, becaufe the Sun will not pafs verti- 
cally over the fame places till four annual revolu- 
tions are finifhed. | 
44, We may fuppofe that the inhabitants of Fvery fourth 
Venus will be careful to add a day to fome par- jearto Ve- 
ticular part of every fourth year; which will keep » 
the fame feafons to the fame days. For, as the — 
great annual change of the Equinoxes and Solftices 
fhifts the feafons a quarter of a day every year, 
they would be fhifted through all the days of the 
year in 36 years. But by means of this inter- 
calary day, every fourth year will be a leap-year ; 
which will bring her time to an even reckoning, 
and keep her Calender always right. | | 
As. Wenus’s Orbit is inclined 3 degrees to tlie When the 
Earth’s; and’croffes it in the rath degree of Ge- i appear 
‘mini and of Sagittarius ; and therefore, when the ts 
Earth is about thefe points of the Ecliptic at the 
time that Venus is in her inferior conjunction, fhe 
-will appear like a fpot on the Sun, and afford a 
more certain method of finding the diftances of all 
the Planets from the Sun, than any other yet 
known. But thefe appearances happen very {el- 
dom ; and will only be twice vifible at London oi 
one hundred and ten years to come, The firl 
time will be in the year 1761, ‘fune the 6th, in 
the morning; and the fecond, on the 3d of une 
in the evening. Excepting {uch Tranfits as thele, 
fhe fhews the fame appearances to us regoulariy 
C every 
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every eight years; her Conjunctions, Elongations, 
and ‘Times of rifing and fetting, being very nearly’ 
the fame, on the fame days, as before. "a 
46. Venus may have a Satellite or Moon, al- 
though it be undifcovered by us: which will not 
appear very furprifing, if we confider how incon-~ 
venieotly we are placed for feeing it. For it’s en- 
lightened fide can never be fully turned towards 
us, but when Venus is beyond the Sun; and then, 
as Venus appears little bigger than an ordinary 
Star, her Moon may be too {mall to be perceived 


at fuch a diftance. When fhe is between us and 


the Sun, her full Moon has it’s dark fide towards 
us; and then we cannot fee it any more than we 
can our own Moon at the time of Change. When 
Venus is at her greateft Elongation, we have but 
one half of the enlightened fide of her Full Moon 
towards us; and even then it may be too far dif 
tant to be feen by us. But if fhe has a Moon, it 


_may certainly be feen with her upon the Sun, in 


The Earth. 


Fig. I. 


Jt’s diurnal 
and annual 
maption, 


latter the length of the Sydereal. It travels at 


the year 1761, unlefs it’s Orbit be confiderably 
inclined to the Ecliptic; for if it fhould be in con- 
junction or oppofition at that time, we can hardly 
imagine that 1t moves fo flow as to be hid by 
Venus all the fix hours that fhe will appear on the 
Sun’s:Ditc *. Pie 


% 


ke 


47. The Earru is the next Planet above Venus 
in the Syftem. It is 82. millions of miles from 
the Sun, and goes round him (as in the circle ®) 
in 365 days 5 hours 49 minutes, from any Equi- 
nox or Solftice to the fame again: but from any 
fixed Star to the fame again, as feen from the Sun, 
in 365 days 6 hours and: 9 minutes; the former 
being the length of the Tropical year, and the 


the rate of 58 thoufand miles every hour; which 
motion, though 120 times fwifter than that of a 


* The tranfit is over fince this was wrote, and no Satellit > 
was feen with Venus on the Sun’s Difc. ya 
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tanhon-ball, is little more than half-as fwift as 
Mercury’s motion in. his Orbit. The Earth’s dia- 
meter is 7970 miles; and by turning round it’s 
Axis every 24 hours from Welt to Eaft, it caufes 
an apparent diurnal motion of all the heavenly 
Bodies from Eaft to Weft. By this rapid motion 
of the Earth on it’s Axis, the inhabitants about 
the Equator are carried 1042 miles every hour, 
whilft thofe on the parallel of London are carried 
only about 580, befides the 58 thoufand miles by 
the annual motion above-mentioned, which is com- 
mon to all places whatever. 

48. The Earth’s Axis makes an angle of 2 et os 
degrees with the Axis of it’s Orbit; and keeps — a 
always the fame cblique direction ; inclining to- 
wards the fame fixed Stars * throughout it’s annual 
courfe; which caufes the returns of fpring, fum- 

‘mer, autumn, and winter; as will be explained at 
large in the tenth Chapter. 

49. The Earth is round like a globe as ap- A proof of 

‘pears, 1. By it’s fhadow in Eclipfes of the Moon; *** 58 
which fhadow is always bounded by a circular line, 
§ 314. 2. By our feeing the malts of a fhip whilft 
the hull is hid by the convexity of the water. 
3. By it’s having been failed round by many navi- 
‘gators. The ‘hills take off no more! from the 
roundnefs of the Earth in comparifon, than.grains 
of duft do from the roundnefs of a common 
Globe. : 


50. The feas and unknown parts of the Earth vsaember 
of fquare 


(by a meafurement of the beft Maps) contain 160 mites, 
million 522 thoufand and 26 iquare miles; the’ 
inhabited parts 38 million gg90 thoufand 569: 
Europe 4 million 456 thoufand and 65; Aja 10 


* This is not ftri€tly true; as will appear when we come to 
_ treat of the Receffion of the Equinoétial Points in the Heavens, 
§ 246; which receflion is equal to the deviation of the Earth’s ° 
Axis from it’s parallelifm: but this is rather too {mall to be 


fenfible in an age, except to thofe who make very nice obfer- 
- wations. 


’ C 2 eae, fation 
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spinon +68 thoufand 823; Africa 9 million tied 
thoufand 807; America 14 million 110 thoufand 
874. In all, 199 million 512 thoufand «95; 
which is the number of {quare miles on the whole 
furface of our Globe. 

The propor- 51. Dr. Lone, in the firft volume of his Aftro- 

Aa ian omy, p. 168, mentions an ingenious and eafy me- 
bears to the fea; which is, to take the papers of a 
large terreitrial globe, and ‘after feparating the land 
from the fea with a pair-of {ciflars, to weigh them 
carefully in fcales. “This fuppofes the globe to be 
exactly delineated, and the papers all of equal 


thod of finding nearly what proportion the land ~ 


thicknefs. -The Doctor made the experiment on — 


the papers of Mr. Senex’s feventeen-inch globe ; 
and found that the fea papers weighed 349 grains, 


and the land only 124: by which. it appears that — 


alrnoft three fourth parts of the furface of our Earth 
between the Polar Circles are covered with water, 
and that little more than one fourth is. dry land. 
The Doctor omitted weighing all within the Polar 


Circles; becaufe there is no certain meafurement, — 


-of the land within them, fo as to know what pro- 
portion it bears to the fea. . 


The Moon, 52. Lhe Moon is not a Planet, but only a Satel- 
lite or Attendant of the Earth; going round the 
Earth from Change to Change in 29 days 12 hours 


and 44 minutes; and round the Sun with it every — 
year. The Moon’s diameter is 2180 miles; and — 


her diftance from the’ Earth’s center 240 thoufand. 


Sup ooes round her Orbit in 27 days 7 hours 43.— 
ninutes, moving about 2290 mules every hour ; 


ee turns round her Axis exactly in the time that 


fhe goes round the Earth, which is the reafon of — 


her keeping always the fame fide towards us, and 


that her day and night taken together ts as long as 


our lunar month. 


53. The Moon is an opaque Globe like the — 


Earth, and fhines only by reflecting the light of 


2 | the 
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the Sun: therefore whilft that half of her which is 
towards the Sun is enlightened, the other half mutt 
be dark and invifible. Hence, fhe difappears when Her Phafes. 
fhe comes between us and the Sun; becaufe her 
dark fide is then towards us. When fhe 1s gone 
a little way forward, we fee a little of her enligh- 

tened fide; which {till increafes to our view, as fhe 
advances forward, until fhe comes to be oppolite to 

the Sun; and then her whole enlightened fide is 
towards the Earth, and fhe appears with a round, 
ilumined Orb, which we call the Ful/ Moon: her 

dark fide being then turned away from the Earth. 

From the Full fhe feems to decreafe gradually as 

fhe goes through the other half of her courle; fhew-. 

ing us lefs and lefs of her enlightened fide every 

day, till ber next change or conjunction with the 

Sun, and then fhe difappears as before. 

54. This continual change of the Moon’s phates A proof that 

‘demonftrates that fhe fhines not by any light orc eo 
her own: for if the did, being globular, we fhould own tight, 
always fee her with a round fuil Orb like the Sun. 

‘Her Orbit is reprefented in the Scheme. by the 

little circle m, upon the Earth’s Orbit @ : but it Fig. 1. 

is drawn fifty times too large in proportion to the 
-Earth’s; and yer is almoft too {mall to be feen in 

the Diagram. 

55. Lhe Moon has fearce any difference of fea- One half of 
fons; her Axis being almott perpendicular to the ore we 
Ecliptic, What is very fingular, one half of her 
has no darknefs at all; the Earth conftantly afford- 
ing it a ftrong light in the Sun’s ablence; while 

the other half has a fortnight’s darknefs and a fort- 
night’s light by turns. 

56. Our Earth is a Moon to the Moon, w2Xing ourfarthis 
and waneing regularly, but appearing thirteen times her Moon. 

_as big, and affording her thirteen times as much 
light, as fhe does to us. When fhe changes tous, 
the Earth appears full to her; and when fhe is in 
her firft quarter to us, the Earth is in it’s third 
quarter to her; and vice verfa. ~ 

C3 57. But 


* 
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57. But from one half of the Moon, the Earth 
is never feen at all! from the middle of the other 
half, it is always feen over head; turning round al- 
mot thirty times as quick as the Moon does, 
From the circle which limits our view of the Moon, 
Only one half of the Earth’s fide next her is feen; 
the other half being hid below the Horizon of all 
places on that circle. To her, the Earth feems to 
be the biggeit body in the Univerfe; for it ap- 
pears | thirteen times as big as fhe does to us. 

48. The Moon has no Atmofphere of any vifi- - 
ble denfity furrounding her as we have: for if the 
had, we could never fee her edge fo well defined 
as it appears; but there would be a fort of a mift 
or hazinefs around her, which would make the 
Stars look fainter, when they are feen through it. 

A Proof of But obfervation proves, that the Stars which difap- 
ada pear behind the Moon, retain their full luftre until. 
Armef- they feem to touch her very edge, and then they 
pine vanith inamoment. This has been often obferved 
by Aftronomers, but particularly by Cassini * of 

_ the Star y in the breaft of Virgo, which appears 
fingle and round to the bare eye; but through a. 
refracting Telefcope of 16 feet appears to be two 

Stars fo | near together, that the diftance between 

them feems to be but equal to one of their appa- 

rent diameters. The Moon was obferved to pafs 

over them on the 21ft of April, 1720, N.S. and as. 
her dark edee drew near to them, it caufed no- 

change in their colour or fituation. At 25 min. 

14 fec. paft 12 at night, the moft wefterly of thefe 

Stars was hid by the dark edge of the Moon; and 

in 30 feconds afterward, the mott eafterly Star wag. 

hid: each of them di ifappearing behind the Moon 
in an inftant, without ‘any preceding diminution 

of magnitude or brightnefs; which by no means 
could have beén the ‘cafe if there were an Atmof- 

phere round the Moon; for then, one of the Stats 

falling obliguely into it ‘before the other, ought st 

2% Memoires @ Acad. aun. 1720. 


bit : refradtion 
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refraétion to have fuffered fome change in it’s co- 
Jour, or in it’s diftance from the other Star which 
was not yet entered into the Atmofphere, But no 
fach alteration could be perceived, though the ob- 
fervation was performed with the utmoft attention 
to that particular; and was very proper to have 
made fuch a difcovery. The faint light, which has 
“been feen all round the Moon, in total Eclipfes of 
the Sun, has been obferved, during the time of 
darknefs, to have it’s center coincident with the 
center of the Sun; and was therefore much more 
likely to arife from the Atmofphere of the Sun, 
than from that of the Moon; for if it had been 
owing to the latter, it’s center would have gone’ 
along with the Moon’s. 

9. If there were feas in the Moon, fhe could 
have no clouds, rains, nor ftorms, as we have; 
becaufé fhe has no fuch Atmofphere to fupport 
the vapours which occafion them. And every one 
knows, that when the Moon is above our Horizon 
in the night-time, fhe 1s vifible, unlefs the clouds 
of our Atmofphere hide her from our view; and 
all parts of her appear conftantly with the fame 
clear, ferene, and calm afpect., But thole dark 
parts of the Moon, which were formerly thought 


43 


Nor Seas. 


She is full 


of caverns 


and deep 


to be feas, are now found to be only vaft deep pi. 


cavities, and places which reflect not the Sun’s 
light fo ftrongly as others, having many caverns 
and pits whofe fhadows fall within them, and are 
always dark on the fides next the Sun ; which de- 
monftrates their being hollow: and moft of thefe 
pits have little knobs like hillocks ftanding within 
them, and cafting fhadows alfo ; which caufe thefe 
places to appear darker than others which have 
fewer, or lefs remarkable caverns. All thefe ap- 
pearances fhew that there are no feas in the Moon ; 
for if there were any, their furfaces would appear 

fmooth and even, like thofe on the Earth. 
60. There being no Atmofphere about the 
Moon, the heavens in the day-time have the ap- 
‘C4 _- pearance 


The Stars 
always vifie 
ble to the 
Moons 
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pearance of night to a Lunarian who turns his 


back toward the Sun; and when he does, the Stars 


appear as bright to him as they do in the night to. 
us. For, it is entirely owing to our Atmofphere | 


that the Heavens are bright about us in the day. 
61. As the Earth turns round it’s Axis, the 
feveral continents, feas, and iflands appear to the 


Moon’s inhabitants like fo many {pots of different . 


forms and brightnefs, moving over it’s {urface ; 
but much fainter at fome times than others, as our 
The Fath Clouds cover them or leave them. By thete {pots 
eDialtothe the Lunarians can determine the. time of the 
Moon, Earth’s diurnal motion, juft as we do the motion 
of the Sun: and perhaps they meafure their time 
by the motion of the Barth's {pots ; for they can- 
not have a truer dial. 


62. The Moon’s Axis is fo nearly perpendicular 
to the Ecliptic, that the Sun never removes fen- ci 


fibly from her Equator: and the * obliquity of 

her Orbit, which is next to nothing as feen from 

the Sun, cannot caufe the Sun to decline fenfibly 

How the from her Equator. Yet. her inhabitants are not 

munarans deftitute of means for afcertaining the lenoth of 
may know . : ; 

the length their year, though their method and ours mutt 

oftheir year, differ, For we can know. the length of our 

_ year by \the return of our Equinoxes; but the 

Junarians, having always equal day and night, 

mutt have recourfe to another method; and we 

may fuppofe, they meafure their year by obferving 

When either of the Poles of our Earth, begins to 

be enlightened, and the other to difappear, which 

is always at our Equinoxes ; they being conve- 

niently fituated for obferving great tracks of land 

about our Earth’s Poles, which are entirely. un- 

known tous. Hence we may conclude, that the 

year is of the fame abfolute length both to the 


* The Moon’s Orbit croffes the Ecliptic in two oppofite 
po'nts, called the Moon’s Nodes; fo that one half of her Orbit 


is above the Ecliptic, and the other half below it, The Angle — 


Earth — 


of it’s Obliquity.is 5} degrees, 
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Earth and Moon, though very different as to the 
number of days: we having 3654 natural days, 
and the Lunarians only 12,23; every day and night 
in the Moon being as long as 294 on the Earth. 

63. The Moon’s inhabitants on the fide next 
the Earth may as eafily find the longitude of their 
places as we can find the latitude of ours. For 
the Earth keeping conftantly, or very nearly fo, 
over one Meridian of the Moon, the eaft or weft 
diftances of places from that Meridian are as_eafily 
found, as we can find our diftance from the E.qua- 
tor by the Altitude of our celeftial. Poles. 
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PLATEI. 


and the lone 
gitudes of 
their places, 


64. The Planet Mars is next in order, being Mars, 


the firft above the Earth’s Orbit. His diftance 
from the Sun is computed to be 125. millions of 


miles; ancd by travelling at the rate of 47 thou- 
fand miles every hour, as in the circle ¢, he goes Fig. 1. 


round the Sun in 686 of our days and 23 hours; 
which is the length of his year, and contains 6672 
of his days; every day and night together being 
40 minutes longer than with us. His diameter is 
4444 miles, and by his diurnal rotation the inha- 
bitants about his Equator are carried 556 miles 
every hour. His quantity of light and heat is 
equal but to one half of ours; and the Sun appears 
but half as big to him as to us. | 


65. This Planet being but a fifth part fo big as | 


the Earth, if any Moon attends him, the muft be 
very fmall, and has not yet-been difcovered by 
our beft telefcopes. He is of a fiery red colour, 
and by his Appulfes to fome of the fixed Stars, 
feems to be encompafied. by a very grofs Atmof- 


phere, He appears fometimes gibbous, but never His Atmo- 
horned ; which both fhews that his Orbit includes ae: ane 


the Earth’s within it, and that he fhines not by 
his own light. , } 
66. To Mars, our Earth and Moon appear 


like two Moons, a bigger and a lefs; changing 


places with one another, and appearing fometimes 
horned, 


£Se 
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How the 
other Pla- 
nets appear 
to Mars, 


Jupiter. 
Fig. I, 


! 


The nume- 
ber of days 
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His Belts 
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\ 


Of the Solar Syftem. 


horned, fometimes half or three quarters illumin- 
ated, but never full; nor at moft above one quar- 
ter of a degree from each other, although they are 
240 thoufand miles afunder. Kao eM 
67. Our Earth appears almoft as big to Mars 
as Venus does to us, and at Mars it is never feen 
above 48 degrees from the Sun fometimes it 
appears to pafs over the Dife of the Sun, and fo 
do Mercury and Venus: but Mercury can never 
be feen from Mars by fuch eyes as ours, unaffifted 
by proper inftruments ; and Venus will be as fel. 
dom feen as we fee Mercury. Jupiter and Saturn 
are as vifibleto Mars as tous. His Axis is per- 
pendicular to the Ecliptic, and his Orbit is 2 de- 
grees inclined to it. | “— 


68. Jurirer, the biggeft of all the Planets, is 
ftill higher in the Syftem, being about 426 mil- 
hons of miles from the Sun: and going at the rate 
of 25 thoufand miles every hour in his Orbit, as 
in the.circle 1 , finifhes his annual period in eleven 
of our years 314 days and 12 hours. He ts above 
tooo times as big as the Earth, for his diameter 
is 81,000 miles; which is more than ten’ times. 
the diameter of the Earth. mi 

69. Jupiter turns round his Axis in 9 hours 56. 
minutes; fo that his year contains 10 thoufand 
470 days; and the diurnal velocity of his equato-_ 
real parts is greater than the fwiftnefs with which — 
he moves in his annual Orbit ; a fingular circum- 
ftance, as far’as we know. By this prodigious © 
quick Rotation, his equatoreal inhabitants are car- 
ried 25 thoufand 920 miles every hour (which is _ 
920 miles an hour more than an inhabitant of our 
Earth’s equator moves in twenty-four hours) be-_ 
fides the 25 thoufand above-mentioned, which is _ 
common to all parts of his furface, by his annual 
motion. ae 1 ee Pay ee 

70. Jupiter is furrounded by ‘faint fubftances, — 
called Belts, in which fo many changes ve 
rE that 
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that they are generally thought to be clouds: for 
fome of them have been firft interrupted and bro- 
ken, and then have vanifhed éntirely. They have 
fometimes been obferved of different breadths, and 
afterwards have all become nearly of the fame 
breadth. Large fpots have been feen in thefe 
Belts; and when a Belt vanifhes, the contiguous 
fpots difappear with it. The broken ends of fome 
Belts have been generally oblerved to revolve in 
the fame time with the fpots,; only thofe nearer 
the Equator in fomewhat lefs time than thofe near 
the Poles; perhaps on account of the Sun’s greater 
heat near the Equator, which is parallel to the 
Belts and courfe of the fpots. Several large {pots, 
which appear round at one time, grow oblong by 
degrees, and then divide into two or three round 
{pots. The periodical time of the {pots near the 
Equator is g hours 50 minutes, but of thofe near 
the Poles'g hours 56 minutes. See Dr. SMITH’S 
Optics, § 1004, & seq. 

41. the Axis of Jupiter is fo nearly perpen- 
dicular to his Orbit, that he has no fenfible change 
of feafons; which is a great advantage, and wilely 
ordered by the Author of Nature. For, if the 
Axis of this Planet were inclined any confiderable 
number of degrees, juft fo many degrees round 
each Pole would in their turn be almoft fix of our 
years together in darknefs. And, as each degree 
of a great Circle on Jupiter contains 706 of our 
miles at a mean rate, it is eafy to judge what vatt 
traéts of land would be rendered uninhabitable by 
any confiderable inclination of his Axis. 


‘72. The Sun appears but "part fo big to bv 


Jupiter as to.us; and his light and heat are in the 
fame fimall proportion, but compenfated by the 


quick returns thereof, and by four Moons (fome 


bigger and fome leis than our Earth) which re- 
volve about him: fo that there is fcarce any part 
of this huge Planet but what is during the whole 
night enlightened by one or more of thefe Moons, 


except 


a7 


He has no 
change of 


t has four 


be) 
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except his Poles, whence only the fartheft Moons 


can be feen, and where their light is not wanted, 


becaufe the Sun conftantly circulates in or near the 


Horizon, and is very probably kept in view of 
both Poles by the refraction of’ Jupiter’s Atmof- 


phere, which, if it be like ours, ‘has certainly re- 


tractive power enough for that purpofe. 
Theirpe- - 93. The Orbits of thefe- Moons are reprefented 


yiods round 


Jupiter, In the Scheme of. the Solar Syftem by four fmall. 


citcles marked 1. 2. 3. 4. on Jupiter’s Orbit 4; 


but they are drawn fifty times too large in propor- | 


tion to it. The firft Moon, or that neareft to 


Jupiter, goes round him in 1 day 18 hours and 36 — 


minutes of our time; and ts 229 thouland miles 
diftant from his center: The fecond performs it’s 
revolution in three days 12 hours and 15 minutes, 


at 364 thoufand miles diftance: The third in 7 
days three hours and 59 minutes, at the diftance 


of 580 thoufand miles; And the fourth, or outer- 
moft, in 16 days 18 hours and 30 minutes, at 
the diftance of one million of miles from his 
center. | 


Parallax of | 74. The Angles under which the Orbits of Ju- 


their Orbits, . 3 
anddiftan- -piter’s Moons are feen from the Earth, as it’s mean 


cestrom _diftance from- Jupiter, are as follow: The firft, - 


ee 3°55 3 thefecond, 6 14°; the third, 9’ 5873; and 
‘the fourth, 17’.30%, And their diftances from 
‘Jupiter, meafured by his femidiameters, are thus: — 

ee 3: firit, 5$; the fecond, 9% thethird, 14235 9 


pears to his 


neareft_ —-t’s- neareft Moon, appears 1000 times as large as 
our Moon. does to us 3, waxing and waneing in all — 


Moon, 


her monthly fhapes, every 42+ hours. 


Two grand 75. Jupiter’s three neareft Moons fall into his 
cifcoveries “-(hadow, and are eclipfed in every Revolution: but” 


made by the 


Eelipfe of the Orbit of the fourth Moon is fo much inclined, i 


Jupiter's 
Moons, . ” : é 
_/ out falling into his fhadow, two years in every fix. 


By thefe Eclipfes, Aftronomers have not only dif- 


* Cassini Elements d' Aftronomie, Liv. ix. Chap. 3. 
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and the fourth, 2545 *. This Planet, feen from — 


that it paffeth by it’s oppofition to Jupiter, with- — 


covered 
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covered that the Sun’s light takés up eight minutes priate 1. 
of time in coming to us; but they have alfo deter- 

mined the longitudes of places on this Earth with 
greater certainty and facility, than by any other 
method yet known; as fhall be explained in the 
eleventh Chapter. 

76. The difference between the Equatoreal and [ot sett 
Polar diameters of Jupiter is 6230 miles; for his beeiued the 
equatoreal diameter is.to his polar, as 13 to 12. leony sil 
So that his Poles are 3115 miles nearer his center diameters of 
than his Equator is. ‘his refults from his quick J+P"r 
motion round his Axis; for the fluids, together 
‘with the light, particles, which they can carry or 
wath away with them, recede from the Poles which 
are at reft, towards the Equator where the motion 
is quickeft, until there be a fufficient number ac- 
cumulated to make up the deficiency of gravity 
loft by the centrifugal force, which always aries 
froma quick motion round an axis: and when the 
deficiency of weight or gravity of the particles is 
made up by a futficient accumulation, there 1s an 
equilibrium, and the equatoreal parts rife no higher. 

Our Earth being but a very fmall Planet compared The dis- 
to Jupiter, and it’s motion on it’s Axis being much ja thot of 
flower, it is lefs flattened of courfe; for the diffe- ow Fat 
rence between it’s equatoreal and polar diameters 

is only as 230 to. 229, namely, 35 miles. 

97, Jupiter’s Orbit is 1 degree 20 MINUtES IN- Place of his 
clined to the Ecliptic. His North Node is in the Noes. 
“th degree of Cancer, and his South Nodg in the 
wth degree of Capricorn. | 


98. Saturn, the remoteft of all the Planets, satu. 
is about 780 millions of miles from the Sun, 
and, travelling at the rate of 18 thoufand miles 
every hour, as in the circle marked }, performs Fig. 1. 
it’s annual circuit in 29 years 167 days and 5 hours , 
of our time; which makes only one year to that 
Planet. It’s diameter is 67,000 miles ;. and there- 
fore it is near 600 times as big as the Earth. 

79. This 
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PLATET, 
Fig. V. 
His Ring. 


His five 
Moons. | 


Fig. I. 


Of the Solar Syfems 


79. This Planet is furrounded by a thin broad. 
Ring, as an artificial Globe is by a Horizon, The 
Ring appears double when. feen through a good 
telefcope, and is reprefented by the figure in fuch 
an oblique view as it is generally feen. It is in- 
clined 30 degrees to the Ecliptic, and is about 21 
thoufand miles in breath ; which is equal to it’s dif- 
tance from Saturn on all fides. ‘There is reafon to 


believe that the Ring turns round it’s Axis, be- 


caufe, when it is almoft edge-wife to us, it ap- 
pears fomewhat thicker on one fide of the Planet 
than on the other; and the thickeft edge has been 
feen on different fides at different times. But Sa- 


turn having no vifible {pots on his body; whereby 


to determine the time of his turning round his 
Axis, the length of his days and nights, and the 
pofition of his Axis, are unknown to us. — 7 
80. To Saturn, the Sun appears only -¢.th part 
fo big as tous; and the light and heat he receives 
from the Sun are in the fame proportion.to ours. 
But to compentfate for the {mall quantity of fun- 
light, he has five Moons, all going round him on 
the outfide of his Ring, and nearly in the fame 
plane with it. The firft, or neareft Moon to Sa- 
turn, goes round him in 1 day 21 hours 19 
minutes; and is 140 thoufand miles from his cen- 
ter: The fecond, in 2 days 17 hours 40 minutes 5 
at the diftance of 187 thoufand miles: The third, 
in 4days 12 hours 2g minutes; at 263 thoufand 
mules diftance: The fourth, in 15 days 22 hours 
41 minutes; at the diftance of 600 thoufand 
miles: And the fifth, or outermoft, at one mil- 
lion 800 thoufand miles from Saturn’s center, goes 
round him in 79 days 7 hours 48 minutes. Their 
Orbits in the Scheme of the Solar Syftem are 
reprefented by the five {mall circles, marked 1. 2. 
3. 4. 5. On Saturn’s Orbit; but thefe, like the 
Orbits of the other Satellites, are drawn fifty times 
too large in proportion to the Orbits of their 
Primary Planets. ah 
81. The 
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81. The Sun fhines almoft fifteen of our years 

together on one fide of Saturn’s Ring without iet- 

ting, and as long on the other in it’s turn. So 

that the Ring is vifible to the inhabitants of that 

Planet for almoft fifteen of our years, and as lone 
invifible by turns, if it’s. Axis has no Inclination 

to it’s Ring: but if the Axis of the Planet be in- nis axis 
clined to the Ring, fuppofe about 30 degrees, the Probry it: 
Ring will appear and difappear once every natural Ring. 
day to all the inhabitants within 30 degrees of the 
Equator, on both fides, frequently eclipfing the 

Sun in aSaturnian day. Moreover, if Saturn’s 

Axis be fo inclined to his Ring, it is perpendicular 

to his Orbit; and thereby the inconvenience of 
different feafons to that Planetis avoided... For 
confidering the length of Saturn’s year, which is 
-almoft. equal to thirty of ours, what a dreadful 
condition muit the inhabitants of his Polar regions 

be in, if they be half that time deprived of the 

light and heat of the Sun? which is not their cafe 

alone, if the Axis of the Planet be perpendicular 

to the Ring, for then the Ring muft hide the Sun 

from vaft tracks of land on each fide of the Equa- 
tor for 13 or 14 of our years together, on the 

fouth fide and north. fide by turns, as the Axis 
inclines to or from the Sun: the reverfe of which 
“inconvenience is another good prefumptive proof 
_of the.Inclination of Saturn’s Axis to it’s Ring, 
and alfo of his Axis being perpendicular to his 
Orbit. | 
82. This Ring, feen from Saturn, appears like How the 

avait. luminous Arch in the Heavens, as if it did oe fe. 
not belong to the Planet. When we fee the Ring tum and to 
» moit open, it’s fhadow upon the Planet is broadeft , * ; 
and from that time the fhadow grows narrower, 

-as the Ring appears todo to us; until, by Saturn’s 

annual motion, the Sun comes to the plane of the 
Ring, or, even with it’s edge; which being then 
direéted towards us, becomes invifible on account 
_of it’s thinnefs ; as fhall be explained more largely 


In 
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In what in the tenth Chapter, and illuftrated by a figure. 


Signs Saturn 


appearsto Lhe Ring difappears twice in every annual Revo- 


lofehis lution of “Saturn, namely, when he is in the 19th 
Ring ; and 
in what Cegree both of Piices and of Virgo. And when 


Signs it ap- Saturh 3 is in the middle between chete points, or in- 


pears moft 
opentous, the rgth degree either of Gemini or of Sagit-: 


tarius, his Ring appears moft open to us; and 


then it’s longett Solna is tO it’s thorteft, as 
9 to 4. 
No Planet 83. To fuch Eyes as ours, unaffifted by inftttt- 


but Saturn 


can be feen MEents, Jupiter is the only Planet that can be feen — 


h Sead she from Saturn ; and Saturn the only Planet that can 
from Jupi- be feen from Jupiter. -So that the inhabitants of 
act betes thefe two Planets muft either fee much farther than 
we do, or have equally good inftruments to carry 
their fight to remote objects, if they know that 


there is fuch a body as our Earth in the Univerfe : 


for the Earth is no bigger feen from Jupiter, than — 
his Moons are feen from the Earth; and if his cs 
, large body had not firft attrasted our fight, and 


prompted our curiofity to view him with the telef- 
cope, we fhould never have known any thing of 


his Moons; unlefs by chance we had directed the — 


telefcope toward that fmall part of the Heavens 


where they were at the time of obfervation, And 


the like is true of the Moons of Saturn. : 
Place oF 84. The Orbit of Saturn is 24 degrees inclined 


Saturn’s 


Nece, to the Ecliptic, or Orbit of our Earth, and inter-_ 
fects it in the 21ft degree of Cancer had of Capri- 4 


corn; fo that Saturn’s Nodes are only 14 degrees ~ 
from Jupiter’s, § 77. 


aac Sun's 85. The quantity of ight, afforded by the Sun é 


light much 
ftronger on tO Jupiter, being but th part, and to Saturn 
Jopiter and 
' Saturn than 


only th part, of what we enjoy; may at Arf 


is generally thought induce us to believe that thefe two Planets 


relieved. are entirely unfit for rational beings to dwell upon. 


But, that their light is not fo weak as we imagine, 
is evident from cHels brightnefs in the night-time; 


and alfo from this remarkable Phenomenon, that — 


when the Sun is fo much eclipfed to us, as to have 
, only@ 


> 


pay e* 


- 


ia 


Of the Solar Syftem. a4 
6nly the 40th part of his difc left uncovered by 
the Moon, the decreafe of light is not very fenfi- 
ble: and juft at the end of datknefs in Total 
Eclipfes, when his weftern limb begins to be vifi- 
ble, and feems no bigger than a bit of fine filver 
wire, every one is furprifed atthe brightnefs where- 
with that final part of him fhines. The Moon 
when Full’ affords travellers light enough to keep 
them from rhiftaking their way ; and yet, accord- 
ing to Dr. SMiri*, it is” equal to rio more than 
a go thoufandth part of the light of the Sun: that 
is, the Sun’s light is 90 thoufand, tirnes as ftrong 
as the light of the Moon when Full. Confequently, 
the Sun gives a thoufand tintes as miuch light to 
Saturn as the Full Moon does to us; and above 
three thoufand times as much to Jupiter.” Sothat 
fhefe two Planets, even without any Moons, would 
be much more enlightened than we at firft ima- 
gine; and by having fo many, they may be very 
comfortable places of refidénce. Their heat, fo 
far as it depends on the fotce of thé Sun’s' rays, is 
certainly much lefs than ours; to which no doubt 
the bodies of their inhabitants are as well adapted 
as ours are to the feafons we enjoy. And if we 
confider, that Jupiter never has any winter, éven 
at his Poles; which probably is alfo the cafe with 
Saturn, the éld cannot be fo intenfe on thefe two 
Planets as is generally imagined,  Befides, there 4! sire 
may be fomething in their nature or foil much prche Bae 
warmer than in that of our Earth: and we find that ™* 
all our heat depends not on the rays of the Sun; 
forif it did, we fhould always have the fame nionths 
€qually hot or cold at their ahnual returns. But 
it is far otherwife, for Fésyiary is fometimes warmer 
than May; which muft be owing to vapours and 
/eXhalations from the Barth. 


86. Every perfon who looks upon, and conipares 
the Syftems of Moons together, which belong to 
. ® Optics, “hit 95. 

D Jupiter 


Itis highly 
probable 

that all the 
Planets are 
inhabited, l 
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Jupiter and Saturn, muft be amazed at the vatt, 
magnitude of thefe two Planets, and the noble at-, 
tendance they have tn refpect of our little Earth: 
and can never bring himfelf to think, that an infi- 
nitely wife Creator fhould difpofe of all his animals 
and vegetables here, leaving the other Planets. 
bare and deftitute of rational creatures. To fup- 
pofe that he had any view to our, benefit, in cre- 
ating thefe Moons and giving them their motions, 
round Jupiter and Saturn; to imagine that he in- 
tended thefe vaft Bodies for any advantage to us, 
when he well knew that they could never be feen 
but by a few Aftronomers peeping through tele. 
fcopes; and that he gave to the Planets regular re- 
turns of days and nights, and different feafons to 
all where they would be convenient; but of no 
manner of fervice to. us, except only what imme. 
diately regards our own Planet the Earth; to ima-~ 
gine, [{ay, that he did all thison our account, would 
be charging him impioufly with having done much 
in vain: .and as abfurd, as to imagine that he has 
created a little Sun end a Planetary Syftem within 
the Shell of our Earth, and intended them for our, 
ufe. Thefe confiderations amount .to little lefs 
than a pofitive proof, that all the Planets are in- 
habited: for if they are not, why all this care in 
furnifhing them with fo many Moons, to fupply 


_ thofe with light which are at the greater diftances 


from the Sun? Do we-not fee, that the farther a 
Planet is from the Sun, the greater Apparatus it 
has for that purpofe? fave only Mars, which be- 


_ ing but a {mall Planet, may have Moons too fmall 


to be feen by us.. We know that the Earth goes 


-round the Sun, and turns round it’s own Axis, to 


produce the viciflitudes of fummer and winter by 
the former, and of day and night by the latter mo- 
tion, for the benefit of it’s inhabitants. May we 
not then fairly conclude, by parity of reafon, that 


_the end and defign of all the other Planets, is the 


fame? and is not this agreeable to the beautiful 
‘ee: bikcas | harmony 
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harmony which exifts throughout the Univerfe ? PLATE I. 
Surely it is: and raifes in us the moft magnificent 

ideas of the SUPREME BEING, who's every 

where, and at all times preient; difplaying his 

power, wifdom and goodnefs, among all .his crea- 

tures! and diftributing happinefs to innumerable 

ranks of various beings! 


87. In Fig. 2d, we have a view of the propor- Fig. 11: 
tional breadth of the Sun’s face or difc, as feen ea 
from the different Planets... The Sun is reprefented to the diffee- 
N° 1, as feen from Mercury ; N° 2, as een from & Pl 
Venus; N° 3, as feen from the Earth; N° 4, as 
feen from Mars; N° 5, as feen from Jupiter; and 
N° 6, as feen from Saturn. 

_ Let the circle B be the Sun as feen from. any Fig. 111, 
Planet, at a given diftance ; to another Planet, at. 
double that diftance, the Sun will appear juft of 
half that breadth, as.47; which contains only one 
fourth part-of the area, or furface of B. For, all 
circles, as well as fquare furfaces, are to one ano- 
ther, as the {quares of their diameters. Thus, the. 
fquare 4 is juft half as broad as the fquare B;.-and Fic: IV. 
yet it is plain to fight, that B contains four times 

as much furface as 4. Hence, by comparing the 
diameters of the above Circles (Fig. I.) together, 
it will be found, that in round numbers, the Sun 
appears 7 times larger to Mercury than to us, 90 
times larger to us than to Saturn, and 630 times as 
large to Mercury as to Saturn. ‘eur 

88. In Fig. 5th, we have a view of the bulks of Fiz. V4 
the Planets in proportion to each other, and to a 
fuppofed globe of two feet diameter for the Sun. 

The Earth is 27 times as big as Mercury, very proportional 
little bigger than Venus, 5 times as big as Mars ; ks 2n¢ - 
but Jupiter is 1049 times as big as the Earth, Sa- the Planets 
‘turn 586 times as big, exclufive of his Ring; and : 
the Sun is 877 thoufand 650 times as big as the 

Earth. If the Planets in this Figure were fet at 

their due diftances from a Sun of two feet diameter, 


D 2 7 according 
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An idea of 
their dif- 
tarices. 


AWhy the 
Planets ap- 
pear bigger 
and lefs at 
different 
times, 


Fig. I. 
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according. to their proportional bulks, as in our 
Syftem, Mercury would be 28 yards from the Sun’s- 
center; Venus 51 yards rfoot; the Earth 7o yards. 
2 feets Mars 107 yards 2 feet ; Jupiter 370 yards’ 
2 feet ; and Saturn 760 yards 2 feet. ‘The Comet 
of the year 1680, at it’s createft diftance, 10 thou- 
fand 760 yards. In this proportion, the Moon’s- 
diftance from the center of the Earth ould be 
only 7% inches. 

89. To affift the imagination in forming an: lide 
of the vatt diftances of the Sun, Planets, and Stars, : 
let us fuppofe, that a body projected from the Sun 
fhould continue to fly with the {wiftnefs of a can- 
non-ball; ze, 480 miles every hour; this body 
would reach the Orbit of Mercury, in 7 years 221 
days ; of Venus, in 14 years 8 days; of the Earth, 


-in-1g years gt days; of Mars, in 29 years 8.5 days; 


of Jupiter, in 100 years 280 days ; of Saturn, in 
184 years 240 days; to the Comet of 1680, at it’s’ 
greateft diftance from the Sun, in 2660 years ; and. 
to the neareft fixed Stars in about 7 million 600. 
thoufand years. 3 
go. As the Earth is not the center of the Orbits 
in which the Planets move, they come nearer to it 
and go'farther from it, and at different times son 
which account they appear bigger and lefs by turns.’ 
Hence, the apparent magnitudes of the Planets are! 
not always a certain rule to know them by. © * 
gt. Under Fig.. 3, are the names and’ chatatters 
of the twelve Siens of the Zodiac, which the Rea 
der fhould be perfectly well acquainted with ; fo as 
to know the characters without feeing the namesé 
Every» Sign contains 30 degrees, as in the Circle 
bounding the Solar Syftem, to which the cha- 


“raters. of the Signs are fet in their proper at i 


“The 
Comets, 


92. The Comers are folid Opaque bodies, with 
long tranfparent trains or tails, iffuing from that 
fide which is turned away from the Sun. -They 
move about the Sun, in very excentric ellipfes; and 


are 
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are of a much greater denfity than the Eafth’; for PLATE L 
fome of them are heared in.every period: to fuch a 
degree, as would vitrity or diffipate any fubftance 
‘known to us. Sir Isaac. NewrTon computed the 
heat, of the Comet which appeared in. the- year 
1680, when neareft the Sun; to be 2000 times hot- 
ter than red-hot iron, and, that being thus heated, 
Gt muft retain it’s heat until it comes round again, 
although it’s Period fhould be more. than twenty 
thoufand years ; and it is computed to be only 575. 
The method of computing the heat of bodies, 
keeping at any known diftance from the Sun, fo 
far as their heat depends on the force of the Sun’s 
rays, is yery eafy; and fhall be explained in the 
eighth Chapter. ; 

Part of the Paths of three Comets are de- Fig. I. 
Jineated in the Scheme of the Solar Sy{tem, and the They prove 
years marked in which they made their appearance. pasties Ds 
It is believed, that there are at leaft 21 Comets be- planets are 
Jonging to our Sy{tem, moving in all forts of direc- "* eo 
tions: and all thofe which have been obferved, 
have moved through the ethereal Regions and the 
Orbits of the Plane s without fuffering the leaft 
fenfible refiftance intheir motions; which plainly 
» proves that the Planets. do not move in folid Orbs. 

OF ail the Comets, the Periods of the above-men- The Peri-_ 
tioned three only are known with any degree Pontes hel 
certainty. The firit of thefe Comets apreared in known, 
“the years,1531, 1607, and 16825 andis expected 

tO appear again in the year 1758, and every 75th 

year afterwards. .The fecond of them-appeared in 

1532 and 1661, and may, be expected to return 

in 1789, and every 129th year afterwards, The 

third, having Jaft appeared in.1680, and it’s Period 

| being no lefs than 575 years, cannot recorn antil the 

| year. 2225... This Comet,at it’s ereateft diftance, 1 

| about.11 thousand two hundred millions of miles 

_ from the Sun ; and. at. it’s Jeaft-diftance from the 
Sun’s-center, which is 49,0¢0, miles, is within leis 

than a thirt part of the Sun’s femidiameter from 

D 3 his | 
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his furface.. In that part of it’s Orbit’ which is 
neareft the Sun, it flies with the amazing fwiftnefs 


of 880,090 miles in an hour; and the Sun, as feen 
from it, appears an hundred degrees in breadth; 


confequently, 40 thoufand times as large ashe ap- 
pears tous. ‘The aftonifhing length that this Co- 
met runs out into empty Space, fugeefts’ to. our 
minds an idea of the vaft diftance between the Sun 
and the neareft fixed Stars; of whofe Attractions. 
all the Comets muft keep clear, to return periodi- 
cally, and go round the Sun; and it fhews us alfo, 
that the neareft Stars, which are probably thofe 
that feem the largeft, areas big as our Sun, and 
of the fame nature with him; otherwife, they could 
not appear fo large and bright to us as they do at 
fuch an immenie diftanee. iG 49 7184 | 
94. The extreme heat, the denfe atmofphere, the 
gro{fs vapours, the chaotic ftate of the Comets, 
feem at firlt fight to indicate them aitogether unfit 
for the purpofes of animal life, and a moft mife- 
rable habitation for rational beings; and ‘therefore 
*fome are of opinion that they are fo many hells 
for tormenting the damned with perpetual vicifii- 
tudes of heat and cold. But when we confider, on 
the other hand, the infinite power and goodnefs of 
the Deity; the latter inclining, the former enabling 
him to make creatures fuited to all {tates and cir- 
cumftances; that matter exifts only for the fake 
of intelligent beings; and that wherever we find 
It, we always find it pregnant with life, or necefla- 
rily fubfervient thereto; the numberlefs fpecies, 


the aftonifhing diverfiry of animals in earth, air, 
‘water, and even on other animals; every blade of 


grafs, every tender leaf, every natural fluid, fwarm- 
ing with life; and every one of thefe enjoying fuch 
gratifications as the nature and ftate of each re- 


“quires : when we refleé&t moreover that fome centu- 


ries ago, till experience undeceived us}‘a ereat part 


of the Earth was judged uninhabitable; the Torid 


* Mr. WuisTon » in his Aftronomical Principles of Religion, : 


y. 


“a 


yy 
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‘Zone by reafon of exceffive heat, and. the two Fri- 
‘gid Zones becaufe of their intolerable cold ; it feems 
highly probable, that fuch numerous and large 
-mafies of durable matter as the Comets are, how- 
ever unlike they be to our Earth, are not deftitute 
of beings capable of contemplating with wonder, 
and acknowledging with gratitude, the wifdom, 
fymmetry, and beauty of the Creation; which is 
| ‘more plainly to be obferved in their extenfive Tour. 
“through the Heavens, than in our more confined 
‘Circuit. If farther conjecture is permitted, may 
| “we not fuppofe them inftrumental in recruiting the 
expended fuel of the Sun; and fupplying the ex- 
hauited moifture of the Planets ? However dificult 
it may be, circumftanced as we are, to find out 
‘their particular deftination, this is an undoubted 
truth, that wherever the Deity exerts his power, 
“there he alfo manifefts his wifdom and goodnels. 


95. THE SOLAR SYSTEM here defcribed This Syfem 
i$ not a late invention; for it was known and ent ad des 
taucht by the wile Samian philofopher PyTHAGoRAs, monfiabic 
and others among the ancients; but in latter times 
was loft, ’till the 15th century, when it was.again 
“reftored by the famous Poli/h philofopher, Nicuo- 
‘LAus Copernicus, who was born at 7/oern in the 
year 1473. ‘In this, he was followed by the greateft 
mathematicians and philofophers that have fince 
lived ; as Kepter, Gatirzo, Descartes, Gas- 
SENDUS, and Sir Isaac Newrown; the lait of whom 
has eftablifhed this Syftem on fuch an everlafting 
foundation of mathematical and -phyfical demon- 
ftration, as can never be fhaken: and none who 
underftand him can hefitate about it. 

96. In the Prelemean Syftem the Earth was {Up- The Ptele- 
pofed to be fixed in the Center of the Riniveries Se" oe, 
and that the Moon, Mercury, Venus, the Sun, 
Mars, Jupiter, and Saturn, moved round the Earth : 

~ above the Planets, this Hypothefis placed the Fir- 
mament of Stars, and then the two Cryftalline 
| D 4 Spheres 5 


“- 


ge. Of the Tychonic Sypem, 


Spheres; all which were. included in and received 
motion from the Primyum Mobile,. which conitantly 
revolved about the Earth in 24 hours from Eatt to 
‘Weft. But as this. rude Scheme was. found inca- 
pable to ftand the teft of art and. obfervation, it 
was foon rejected by all true philofophers ; not- 
‘withftanding the oppofition and violence of blind 
and zealous bigots. et ere 
nie Syke, , 97: Lhe Tychonic Suftem facceeded the Péolemeau, 


partly true. but was never fo generally received. In this. the 


ety Earth was fuppofed to ftand ftill in the Center of 


the Univerfe or Firmament of Stars, and the Syn 


_to revolve about it every 24 hours; the Planets, 


Mercury, Venus, Mars, Jupiter, and Saturn, going 


round the Sun in the times already mentioned. 


Bur fome of Tycno’s difciples fuppofed.the Earth 


to have a diurnal motion round it’s Axis, and. the 


“Sun with all the above Planets to go round the 
Farth in a year; the Planets moving round the 
Sun in the forelaid times. . This hypothefis, being 
partly true and partly falfe, was embraced by few; 


and foon gave way to the only true and rational 
Syftem, reftored by Copernicus and demonftrated - 


by SirIsaac Newron. —- > 


98. To bring the foregoing particulars at once» 
“in view, with feveral others which follow, concerns > 
ing the Periods, Diftances, Bulks, &¥¢. of the Pla. 


fiets, the following Table is inferted,.. 
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CHAP. Wt) 


The COPERNICAN SYSTEM demonftrated 


Of matter 


and motion, 


Gravity de- 
monftrable. 
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99. AT TER is of itfelf inactive, and indif- 
AY B ferent tomotion or reft. A body at reft 
can never put itfelf in: motion; a body in motion 
can never ftop or move flower of itfelf. Hence, 
when.we fee a body in motion, we conclude fome 
other fubftance muft have given it that motion; 
when we fee a body fall from motion to reft, we 
conclude fome other body or canfe ftopt it. "a 
100. All motion is naturally reétilineal. A 
bullet thrown by the hand, or difcharged from a 
cannon, would continue to move in the fame di- 
rection it received at firft, if no other power di- 
verted it’s courfe,’ Therefore, when we fee a body 
moving in a curve of whatever kirid, we conclude 
it muft be acted upon by two powers at leaft : one 
to put it in motion, and another drawing it off 
from the rectilineal courfe which it would other- 
wife have continued to move in. ~ ook 
101. The power by which bodies fall towards 
the Earth, is called Gravity or Attraétion, By this 
power in the Earth it is, that all bodies, on what- 
ever fide, fall in lines perpendicular to it’s furface, 
On oppofite parts of the Earth bodies fall in oppo- 
fite directions, all towards the center, where the 
whole force of gravity is as it were accumulated. 
By this power conttantly acting on bodies near the 
Earth they are kept from leaving it altogether; 
and thofe on it’s furface are kept thereto on. all 
tides, fo that they cannot fall from it: Bodies thrown 
with any obliquity are drawn by this power from a 
{traight line into a curve, until they fall to the 
ground: the greater the force by which they are 
thrown, the.greater is the diftance they are catried 
before they fall, If we fuppofe a body carried 
: Be eh Ue ae feveral 


the 
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feveral miles above the Earth, and there projected 
in an horizontal direction with fo great a velocity, 
that ‘it would move more than ‘a femidiameter of 
the Earth, in the time it would take’ to fall to the 
Earth by gravity; in that cafe, if there were no 
yefifting medium in the way, the body would not 
fall to the Earth atvall, but-continve: to circulate 
round the Earth, keeping always the fame path, 
and returning to the point from whence it was pro- 
jetted with the fame velocity ‘as at firit. 
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¥o2. We find'the Moon moves round the: Earth Projectile 


fo 
in an Orbit nearly circular. The Moon therefore ,, 
muft be acted on by two powers-or forces; one 


which would caufe her to move ina right line, 


another bending her motion from that hie into a 


curve. This attractive power muft be feated in 
the Earth; for there is no other body within the 
Moon’s Orbit to draw her. The attractive power 


‘of the Earth therefore extends to the Moon ; and, 
in combination with her projectile force, caufes her 


to move round the Earth in the fame manner as the 


circulating body above fuppofed. 


orce de- 
onftrable. 


103. The Moons of Jupiter and Saturn are ob- The Sun 


and Planets 
ferved to move round their primary Planets; there- 2 47" 


fore there is fuch a power as gravity in thefe Pla- other. 
“nets, All the Planets move round the Sun, and re- 


fpect it for their center of motion: therefore the 
Sun muft be endowed with an attracting force, as 


‘well as the Earth and Planets. «The like may be 


proved of the Comets. So that all the bodies or 


matter of the Solar Syftem are pofleffed of this 


power ; and perhaps fo is all matter whatfoever. 
104. As the Sun attracts the Planets with their 
Satellites, and the Earth the Moon, fo the Planets 
and Satellites re-attract the Sun, and the Moon the 
Farth: action and re-a¢ction being always equal. 
This is alfo confirmed by obfervation; for the 
Moon raifes tides in the ocean, the Satellites and 
Planets difturb one another’s motions. 


105. Every 


44, 


Gravitation 
and projec« 
tion exeme- 

plified, 
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105) Every particle of matter being poflefied of 
an attracting power, the effect. of! ‘the whole mult 
be:in proportion-to the number ofattracting parti- 
-cles'; that is; to the quantity of matter in the body. 
This is demonftrated from experiments..on/penda- 
clums : for, ifcthey are of equal lengths,,, whatever 
their weights be, they always vibrate in equal, times, 
Now, if one be double the weight:of anothér,:the 
force of gravity or -atiraction- mutt be double. to 
make it ofcillate with the fame. celerity: if one is 
thrice the weight or quantity of matter of another, 
it requires thrice the force of gravity to make it 
move with the fame celerity. Hence it is certain, 
that the power of gravity is always porportional to 
the quantity of -matter in bodies, whatever ae 
bulks or fieures are. eae 

106. Gravity alfo, like all ebkiars virtues or ema- 
nations; either drawing or impelling a body. ta- 
wards a cenier, decreates as the fquare of the dit 
tance increafes: that is, a body at twice the dif- 
tance attracts another with only a fourth »part, of 
the force; at four times the diftance, | with: ar fixe 
teenth part of the force. This too is confirmed 
from obfervation, by comparing the-diftance which 

the Moon falls in a minute fcr a right line ‘touch- 

ing her Orbit,; with theofpace which bodies near 
the Earth fall in the fame-time: and alfo by com- 
pating the forces which retain. Jupiter's Moons in 
their Orbits. This will be more fully explained 
jn the feventh Chapsexe-..29 1 

107. The mutual attraction of bodies may: P 
exemplified. by a boat and a-fhip on the. Water, 
-tied by a rope. Let a man either in a fhip or boat 
‘pull the rope (a is the fame in effet at which end 
he pulls, fer the» rope will be, equally -ftrerched 
throughout) the: fhip and -boat.will be. drawn to- 


. wards one another ; but ‘aie this.difference,. that 


the boat will move,as. much, falter, than the, fhip, 
as the fhip is heayier — the beats; . Suppofe the 
beat as heavy as the fhip, and they will draw one 
another 


me 


* 


pe 
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another equally (fetting afide the greater refiftance 
of the Water on the bigger body) and meet in the: 
middle-of the firft diftance between them. If the” 
fhip is a thoufand or ten thoufand times heavier: 
than the boat, the ‘boar will be drawn a thoufatd, 
or ten thoufand times fafter than the fhip ; and’ 


meet proportionably nearer the place from which 


the fhip fet our. Now, whilft one’ man pulls the. 
rope, endeavouring to bring the fhip and boat to- 


gether, lét another man, in the boat, endeavour to 


row it off fidewife, ot at richt Angles to the rope; ~" 


and the former, inftead of being able to draw the 
boat to the fhip, will find it enough for him to 
keep the boat from going further off, whilft the 


latter, endeavouring to row off the boat in a ftraight 


line; will, by means of the other’s pulling it toy 
wards the fhip, row the boat round the fhip at the 
rope’s length from her. Here, the power ¢m- 


ployed to draw the fhip and boat to one another: 
reprefents the mutual attraction of the Sun and 


Planets, by which the Planets would fall freely to- 
wards the Sun with a quick motion; and would aifo 
in falline attract the Sun towards them. And the 


“power employed to row off the boat reprefeats the 


projectile force ‘impteffed ‘on ‘the Planets at right 


angles, or neatly fo, to the Sun’s attraction ; by 


which means the Planets move round the Sun, and 
are kept from falling toir. On the other hand, ifit 
| beattempted to make a heavy fhip go round a 
light boat, they will meet fooner than the fhip can 
get round ; or the:fhip will drag the boat after it. 


108. Let the above principles be applied to the 
Sun and Earth; and they will evince, beyond a 
pofbility of doubt; that the Sun, not the Earth, 1s 
the center of the Syftem; and that the Earth 
moves round the Sun as the other Planets do, 

For, if the Sun moves about’ the Earth, the 
Farth’s attractive power muft draw the Sun towards 
it from the line of: projection fo, as to bend it’s 
4 7 motion 


45 
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motion into acurve. But the Sun being at leatt. 
2.27 thoufand times as heavy as the Earth, by be- 
ing fo much weightier as it’s quantity of matter is 
greater, it muft move 227 thoufand times.as flowly 
toward. ohe Earth, as the Earth does toward the 
Sun; and confequently the Earth would fall to. 
the Sun in a fhort time, if it had not a very ftrong 
projectile motion to carry it off. The Earth there- 
fore, as well as every other Planet in the Syftem, 
muit have a rectilineal impulfe, to prevent it’s fall- 
The abfur- Ng into the Sun. . To fay, that gravitation retains 
aity of fop- all the other Planets in their Orbits without affect- 
Sear eS ing the Earth, which is placed between the Orbits: 
reft. of Mars and Venus, is as abfurd as to fuppofe that: 
fix cannon-bullets might be projected upwards. 
to different helants in the Air, and that five of 
them fhould fall down to. the sround; but the. 
fixth, which is neither the, higheft nor the: loweft, 
thould remain fufpended in the Air without fall- 
ing, and the Earth move round about it. 

109. There is no fuch thing in nature as a heavy 
body moving round a light, one as it’s center of 
motion. A.pebble faftened to a mill- tone by a 
{tring, may by.an eafy impulfe be made to, circu- 
late round the mill-ftone: but no impulfe_ can 
make a mill-ftone circulate round a loofe pebble, 
for the heavieft would undoubtedly carry the 
lichteft along with it wherever it goes. 

CL On ek he Sun is fo immenfely bigger and Bion 
vier than the Earth *, that. if he was ; moved. out 
of his place, not.only the Earth, but all the other 
Planets, if they were united into one mafs, would 
be carried along with the Sun, as the pebble would 
be with the mill-ftone. 

_ 111, By confidering the law of | gravitation, 
which takes. place throughout the Solar Syftem, in 
‘another light, it will be evident that the Earth 
moves round the Sun in ayear; and not the Sun 
round the Earth. It has been fhewn (§ 106) that 


* As will be demontftrated in the ninth Chapter. h 
the 
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the power of gravity decreafes.as the {quare.of the The har- 
diftance increafes: and from this it follows, with, movy.¢ i 
mathematical certainty, that when two or more tions. 
bodies move. round another as their center of mo- 
tion, the fquares of their periodic times.will be to 
one another in the fame proportion, as the.cubes 
of their diftances from the central body. This 
holds precifely with regard to the Planets round 
the Sun, and the Satellites round the Planets; the 
relative diftances of all which,. are. well. known. 
But, if we fuppofe the Sun to, move round the 
Earth, and compare it’s period with the, Moon’s 
by the above-rule, it will-be found that the Sun 
would take no lefs than-173,510 days.to move 
round the Earth, in which cafe our year would be 
475 times as long as it nowis, To this we may 
add, that the afpects of increafe and decreafe of 
the Planets, the times of, their feeming to ftand 
ftill, and to move direct and. retrograde, anfwer 
precifely to the Earth’s motion; but not.at all.to . 
the Sun’s, without introducing the moft abfurd and 
monftrous fuppofitions, which would deftroy, all 
harmony, order, and fimplicity in the Syftem. 
Moreover, if the Earth is fuppofed to ftand fill, 
and the Stars to revolve in free fpaces. about the 
Earth in 24, hours, it is certain, that the forces, by 
which the Stars revolve in their Orbits are not di- 
rected to the Earth, but to the centers of the feve- 
ral Orbits; that is, of the feveral parallel Circles Tie abfor- 
which the Stars on different fides of the equator ka 
deferibe every day: and the like inferences may Siars and 
be drawn from the fuppofed diurnal motion of the P’"s*, 
Planets, fince they are never in the Equinoétial but the Earth. 
twice, in their courfes with regard to the. ftarry 
Heavens. But, that forces fhould be directed to 
no central body, on which they phyfically depend, 
but to innumerable imaginary points in the Axe ‘ 
of the Earth produced to the Poles of the, Hea- 
vens, is an hypothefis too abfurd to be allowed of 
by any rational creature. And it ts ftill more ab- 

furd 
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furd to imagine’ that’ thefe forces fhould increafe 
exactly’ in proportion to the diftances from this 
Axe; for this is an’indication of an increafe to in 
finity 4 : whereas the force of attraétion’is found to 
decreafe in receding from the fountain from whence 
it flows. But, 'the “farther any Staris from the qui- 
efcent Polé, thé greater mutt be the Orbit which 
it defcribes ; andy yet it-appears to go roundiin the ~ 
fame time as the ‘neareft Star to the’ Pole does. 
And if we take into confideration the’ two-fold mo: 
tion obferved in’ the Stars, one diurnaPround the 
Axis of the Earth in’24-hours, and the other round 
the Axis of ‘the Ecliptic in 25920 years, § 251, it 
would ‘require an explication of fuch a perplexed 
compofition of forces, as could by no'means be re- 
Cone net with any phyfical Theory, ~* | 


ObjeAiors «1:2. There is but’ one objection’ of any eign? 

agtint the that can be made againft the Earch’s motion round 

tion anfwer- the Sun; which is, that in oppofitée points of the — 

r Earth’s Orbit, it’s Axis, which always keeps a pa- 

rallel direction, would point to different fixed Stars; 

which is not found to be fact. “But this objection | 

is eafily removed, by confidering the immenfe dif- 

tance of the Stars in refpect of the ‘diameter of thé 

Earth’s Orbit; the latter being no more than a 

- point when compared to the former: If we lay 4 

ruler on the fide of a table, and along the edgé. 

of the ruler view the top of a -fpire at ten miles 

diftance ; then lay the ruler on the oppofite fide of 

thetable in a parallel’ firuation to what it had be- 

fore, and the fpire will ftill appear along the edge 

of the ruler; becaufe our eyes, even when affifted 

by the beft inftruments, are incapable of diftins 
guifhing fo fmall a change at fo great a diftance. 

113. Dr. Brabdizy, our prefent Aftronomer 

Royal, has found by a long feries of the moft acs 

curate obfervations, that- there isa {mall apparent 

motion-of the fixed Stars, oceafioned by the aber- 

ration of their light, and fo exactly anfwering to 

an 
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an annual motion of the Earth, as evinces the fame, 
even to a mathematical demonftration. Thole 
who are qualified to read the Dottor’s modeft Ac- 
count of this great difcovery, may confult the P/z- 
lofophical Tranfactions, N° 406. .Or they may find 
it treated of at large by Drs. Smiru™, Lone +, 
Desacutiers}, Rurwerrurtu|, Mr. Mac tav- 
Rin, and M. pea CaiLie**. 

114. It is true that the Sun feems to change his why the 
place daily, fo as to make a tour round the ftarry he a 
Heavens in a year. But whether the Sun or Earth his place. 
moves, this appearance will be the fame; for, when 
the Earth is in any part, of the Heavens, the Sun 
will appear in the oppofite. And therefore, this 
appearance can be no objection againft the motion 
of the Earth. 


115. It is well known to every perfon who has 


failed on fmooth Water, or been carried by a ftream 


in a calm, that however faft the vefiel goes, he does 
not feel it’s progreflive motion. The morion of 
the Earth is incomparably more fmooth and uni- 


form than that of a fhip, or any machine made and 


moved by human art: and therefore it is not to be 
imagined that we can feel it’s motion. 


116. We find that the Sun, and thofe Planets The Earth's 
on which there are vifible fpots, turn round their 5 ORs 
Axes: for the fpots move regularly ovet their momtiste?, 
Difks++. From hence we may reafonably con- 
clude that the other Planets, on which we fee no 
fpots, and the Earth, which is hkewie a Planet, 
have fuch rotations. But being incapable of leav. 
ing the Earth, and viewing it at a diftance, and it’s 
rotation being {mooth and uniform, we can neither 


* Optics, B. 1. § 1178. ‘+ Aftronomy, B. Il. § 838. 

t Philofophy, Vol. I. p. 401. || Account of Sir aac 
Newton’s Philo/ophical Difcoveries, Bi tll, €az- § 3 

ae Elements a’ Aftronomie, § 381. ‘ 

4+ The face of the Sun, Moon, or any Planet, as it appears 
to the eye, is called it’s Dik, es as 


Te Fe fee 


a 


All bodies 
heavier at 
the Poles 
than they 
would be at 


the Equator. 
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fee it move on it’s Axis as we do the Planets, nor 
feel ourfelves affected by it’s motion. Yet there is 
one effect of fuch a motion, which will enable us 
to judge with certainty whether the Earth revolves — 
on it’s Axisor not. All Globes which do not turn — 
round ‘their Axes will be perfect fpheres, on: ac- 
count of the equality of the weight of bodies on 
their furfaces ; efpecially of the fluid parts. But — 
all Globes which turn on their Axes will be oblate | 
{pheroids ; that is, their furfaces will be higher, or 
farther from the center, in the equatoreal than in 
the.polar Regions: for, as the equatoreal parts 
move quickeft, they will recede farther from the 
Axis of motion, and enlarge the equatoreal diame-_ 
ter. That our Earth is really of this figure, is 
demonftrable from the unequal vibrations of a 
pendulum, and the unequal lengths of degrees in 
different latitudes. Since then the Earth 1s higher 
at the Equator than at the Poles, the fea, which 
naturally runs downward, or towards. the places 
which are neareft the center, would run towards 
the polar Regions, and leave the equatoreal parts 
dry, if the centrifugal force of thefe parts, by which — 
the waters were ariel thither, did not keep them 
from returning. ‘The Earth’s equatoreal diameter | 
is 35 miles longer than it’s Axis. | 
ns Bodies near the Poles are heavier ita thofe 
towards the Equator, becaufe they are nearer the 
Earth’s center, where the whole force of the Earth’s 
attraction is accumulated ‘They are alfo heavier, 
becaufe their centrifugal force is lefs, on account 
of their diurnal motion being flower. For both | 
thefe reafons, bodies carried from the Poles toward 
the Equator, gradually lofe of their weight. Expe- 
riments prove that a pendulum, which vibrates : 


- feconds near the Poles, vibrates flower near the 


By comparing the different lengths of pendulums 


Equator, which fhews that it is lighter or lefs 
attracted there. ‘To make it ofcillate in the fame | 
time, it is found necefflary to diminith it’s length. | 


{winging | | 
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fwinging feconds at the Equator and at London, it 
is found that a pendulum mutt be 20% lines fhorter 
at the Equator than at the Poles. A line isa 
twelfth part of an inch. 

118. If the Earth turned round it’s Axis in §4 How they 
minutes 43 feconds, the centrifugal force would be aa 
equal to the power of gravity at the Equaton; and weight. 
all bodies there would entirely lofe their weight. 

If the Earth revolved quicker, they would all fly 
off, and leave it. 

119. One on the Earth can no more be fenf{ble The Earth’s 
of it’s undifturbed motion on it’s Axis, thanfone forte fet. 
in the cabbin of a fhip on fmooth water can be 
fenfible of her motion when fhe turns gently and 
uniformly round. Itis thereforeno argument againft 
the Earth’s diurnal motion that we do not feel it: 
nor is the apparent revolutions of the celeftial bodies 
every day a proof of the reality of thefe motions ; 
for whether we or they revolve, the appearance is 
the very fame. A perfon looking through the 
cabbin-windows of.afhip as ftrongly fancies the 
objeéts on land to go round when the fhip turns, 
as if they were actually in motion. 
_ 120. If we could tranflate ourfelves from Planet 
to Planet, we fhould ftill find that the Stars would 
appear of the fame magnitudes, and at the fame 
diftances from each other, as they do to us here; 
becaufe the width of the remoteft Planet’s Orbit 
bears no fenfible proportion to the diftance of the 
Stars. But then, the Heavens would feem, to To the dif. 
revolve about very different Axes; and confequent- slag 
ly, thofe quiefcent points, which are our Poles in Heavens ape 
‘the Heavens, would feem to revolve about other Per °ur" 
points, which, though apparently in motion as feen siffereac 
from the Earth, would be at reft as feen from any “*** 
other Planet. Thus the Axis of Venus, which lie 
almoft at right Angles to the Axis of the Earth, 
would have it’s motionlefs Poles in two oppofite 
points of the Heavens lying almoft in our Equi-. 

K 2 noctial, 
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noctial, where the motion appears quickeft, becaufe’ 
it is feemingly performed in the greateft Circle.: 
And the very Poles, which are:at reft to us, have: 
the quickeft motion of all as feen from Venus. 
To Mars and Jupiter the Heavens appear to turn 
round with very different velocities on the fame. 
Axis, whofe Poles are about 234 degrees from ours. 
Were we on Jupiter, we fhould be at firft amazed 
at the rapid motion of the Heavens; the Sun and 
Stars going round in g hours 56 minutes. Could 
We GO Fron thence to Venus, we fhould be as much 
furprifed at the flownefs of the heavenly motions 5 
the Sun going but once round in 584 hours, and 
the Stars in 540. And could we go from Venus 
to the Moon, we fhould fee the Heavens turn round 
with a yet flower motion; the Sun in 708 hours, - 
the Stars in 655. ~As it is impoffible thefe vari- 
ous circumvolutions in fuch different times, and 
on fuch different Axes, can be real, fo it is unrea- 
fonable' to fuppofe the Heavens to revolve about 


our Earth more than it does about any other Planet. 


When we reflect on the vaft diftance of the fixed 
Stars, to which 162,000,000 of miles, the diameter 
of the Earth’s Orbit, is but a point, we are filled 
with amazement at the immenfity of their diftance. 


But if we try to frame an idea of the extreme rapi- 


dity with which the Stars muft move, if they move 
round the Earth in 24 hours, the thought becomes | 
fo much too big for our imagination, “that we can 
no more conceive it than we do infinity or eternity. 
If the Sun was to go round the Earth in 24 hours, 
he muft travel upwards of 300,000 miles in a mi- 
nute: but the Stars being at leaft 400,000 times — 
as far from the Sun, as the Sun is from us, thofe’ 
about the Equator muft move 400,000 times as 
quick. And all this to ferve no other purpofe than 
what can be as fully and much more fimply obtain- 
ed by the Earth’s turning round eaftward, as on 


an sets, every 24 hours, cauling thereby an appa- 


rent 


f 
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rent diurnal motion of theSun weftward, and bring- 


ing about, the alternate 


returns of day and night. 


121. As to the common objections againft the Objections 


azainft the 


Farth’s motion on it’s Axis, they are all eafily an- Farch’s di- 


fwered and fet afide. 
being feen or felt by us 


That it may turn without eral mo- 
. ion anfwere 


to do fo, has been already ob 


fhewn, § 119. But fome are apt to imagine that 
aif the Earth turns eaftward, (as it certainly does if 


jt turns at all) a ball fir 


ed perpendicularly upward 


‘nthe air mutt fall confiderably weftward of the 
place it was projected from. The objection, which 
at firft feems to have fome weight, will be found 
to have none at all, when we confider that the gun 
and ball partake of the Earth’s motion ; and there- 
fore the ball being carried forward with the air as 
quick as the Earth and air turn, muft fall down 


‘on the fame place. A 


ftone let fall from the top 


‘of a main-maft, if it meets with no obftacle, falls 


-on the deck as near the 


foot of the maft when the 


_ -fhip fails as when it does not. If an inverted bottle, 
full of liquor, be hung up to the ceiling of the 
_cabbin, and a fimall hole be made in’ the cork to 


‘let the Jiquor drop thro 


ugh on the floor, the drops 


/ will. fall juft as far forward on the floor when the 


hip fails as when it is a 


treft.. And gnats or fies 


-can as eafily dance among one another in a moving 
-cabbin as ina fixed chamber. As for thofe fcrip- 
-ture expreffions-which feem to contradict the Earth’s 


motion, this general an 


fwer may be made to them 


all, viz. it is plain from many inftances*that the 


Scriptures were never 


intended to inftruct. us in 


Philofophy or Aftronomy ; and therefore, on thole 
. fubjects, expreffions are not always to be taken in 
the ftricteft fenfe, but for the moft part as accom- 


~ modated to the common apprehenfions of man- . 


kind. Men of fenfe in 


all ages, when not treating 


of the fciences purpofely, have followed this me- 


thod: and it would be 
in addreffing ourfelves 


in vain to follow any other 
to the vulgar, or bulk of 
Beg any 


$4. 


to the Earth 


The Phenomena of the Heavens as feen 


anycommunity. Mo/escallsthe Moon A GREAT | 
LUMINARY (as it is in the Hebrew) as well 
as the Sun: but the Moon is known to be an 


‘opaque body, and the fmalleft that Aftroniomers 


have obferved in the Heavens; and fhines upon — 
us not by any inherent hght of it’s own; but by 
reflecting the light of the'Sun. If Mo/es had known 
this, and told the J/raelites fo, they would have 
{tared at him; and confidered him rather as a 
madman than as a perfon commiffioned by the 


Almighty to be their leader. 


eli ey Us pb Bucy 


The Phenomena of the Heavens as feen from diferent 
parts of the Earth. 


We are kept 022 \ i FE are kept to the Earth’s furface on 


by gravity. 


PLATE I. 


Fig. T. 


Antipodes. 


& 


all fides by the power of it’s central. 
attraction ; which, laying hold of all bodies accord- 
ing to their denfities or quantities of matter with- 
out regard to their bulks, conftitutes what we call 


‘their weight. And having the fky over our heads, 


go where we will, and our feet towards the center 
of the Earth, we call it wp over our heads, and 
down under our feet: although the fame right line 
which is dows to us, if continued through and be- 
yond the oppofite fide of the Earth, would be up to 
the inhabitants on the oppofite fide. For, the inha-’ 
bitants 7, 2, e, m, 5, 0, g, /{tand with their feet toward 
the Earth’s center C, and have the fame figure of 
fky N, I, E, M, 8, 0, Q, L over their heads. 
Therefore, the point S is as direétly upward to the 
inhabitant s on the South Pole, as NV is to the inha- 
bitant z on the North Pole: fo is E to the inhabi- 
tant ¢, f{uppofed to be on the north end of Peru; 
and 2 to the oppofite inhabitant g on the middle 
of the ifland Sumatra. Each of thefe obferyers is 
furprifed that his oppofite or Antipedé can ftand 
with his head hanging downwards. But let either 
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from different Parts of the Earth. BS | 


go to the other, and he will tell him that he ftood PLATE 1. 
as uptight and firm on the place where he was, as 

‘he now ftands where he is. To all thefe obiervers 

the Sun, Moon and Stars, feem to turn round the 4x5 of the 
points N and S, as the Poles of the fixed Axis = 
NCS+% becaufe the Earth does really turn round 

the mathematical line #Cs as round an Axis, of !¥s Poles 
which # is the North Pole ands the South Pole. 

The Inhabitant U (Fig. 1.) affirms that he is Fig. 1. 
on the uppermoft fide of the Earth, and wonders 

how another at Z can ftand on the undermoft fide 

with his head hanging’ downwards. But U in the 

mean time forgets that in twelve hours time he 
will be carried half round with the Earth, and then 

be in the very fituation that Z now is, although as 

far from him as before. And yet, when U comes 
there, He will find no difference as to his manner 

of ftanding; only he will fee the oppofite half of 

the Heavens, and imagine the Heavens to have ~ 
gone half round the Earth. 


123. When we fee a Globe hung up in a room, How our 
we cannot help imagining it to have an upper and eg ek 
an under fide, and immediately form a like idea perand an 
of the Earth; from whence we conclude, that it is aH) 
as impoffible for people to ftand on the under fide 
of the Earth, as for pebbles to lie on the under 
fide of a common Globe, which inftantly fall down 
from it to the ground ; and well they may, becaule 
the attraction of the Earth, being greater than the 
attraction of the Globe, pulls them away. Juft fo 
would be the cafe with our Earth, if it were placed 
near a Globe much bigger than itfelf, fuch as 
Jupiter: for then it would really have an upper 
‘and an under fide with refpect to that large Globe; 
which, by it’s AttraCtion, would pull away every 
thing from the fide of the Earth next to it; and 
only thofe on the top of the oppofite or upper fide 
could remain upon ir. But there is no larger Globe 
near enough our Barth to overcome it’s central 


E 4 attrac- 
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PLATE IL. attraction; and therefore it has no fuch thing as an. 
“upper and an under fide: for all bodies on or near. 
‘its furface, even to the Moon, gravitate towards 
it’s center. 

124. Let any man imagine that the Earth. Bh 
every thing but himfelf is “taken away, and he left 
alone in the midft of indefinite Space ; he could 
then have no idea of up or, down; and were his 
- pockets full of gold, he might take hie pieces one 
by one, and throw them away on all fides of him, _ 
without any danger of lofing them; for the attraction 
of his body would bring them all back by the ways 
they went, and be would be down to every one of 
them. But then, if a Sun or any other large body 
were created, and placed in any part of Space feveral 
millions of miles from him, .he would be attracted 
towards it, and could not fave himfelf from) lite . 
down to it. | 


Fis. T: 125. The Earth’s bulk is but a point, as that at 
_ C, compared to the Heavens, and therefore every 
inhabitant upon it, let him be where hewwill, as at 
nN, €,.1m, 5, &c. fees half of the Heavens.. The in- 
habitant z, on the North Pole of the Earth, con- 
{tantly fees the Hemifphere ENQ; and having 
the North Pole N of the Heavens juft over his 
head, his * Horizon coincides with the Celeftial 
Onc halfof Fquator ECQ, Therefore all the Stars in the 
tec aa Northern Hemifphere ENQ, between the Equa- 
inhabitant tor and North Pole, appear to turn round the line 
of the Earth. NC, moving parallel to the Horizon. The Hqua- 
toreal Stars “keep i in the Horizon, and all thofe in 
the Southern Hemifphere ESQ are invifible. The 
like Phenomena are feen by the obferver s on the 
South Pole, with refpect to the Hemifphere £52, 
and to him the oppofite Hemifphere is always 
invifible, Hence, under either Pole, only, one 


* The utmoft limit of a perfon’s view, where the Sky feems 
to touch the Varth all areund, is called his Horizon; which 
fhifis as the perfon changes his place, ” 

| half 
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half of the Heavens is feen; for thofe parts which 
are once vifible never fet, and thofe which are once 
invifible never rife. But the Ecliptic 7C-X, or 
Orbit which the Sun appears to defcribe once a 
year by the Earth’s annual motion, has the half 7C 
conftantly above the Horizon ECQ of the North 
Pole x; and the other half CX always below it. 
Therefore’ whilft the Sun defcribes the northern 
half YC of the Ecliptic, he neither fets to the North 
Pole nor rifes to the South; and whilft he deicribes 
the fouthern half C_X, he neither fets to the South 
Pole nor rifes to the North. The fame things are 
true with refpeét to the Moon; only with this dif- 
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ference, that as the Sun defcribes the Ecliptic but _ 


once a year, he is for half that time vifible to each 
Pole in it’s turn, and as long invifible ; but as the 
Moon goes round the Ecliptic in 27 days 8 hours, 
fhe is only vifible for 13 days 16 hours, and as long 
invifible to each Pole by turns. All the Planets 
likewife rife and fet to the Poles, becaufe. their 
Orbits are cut obliquely in halves by the Horizon 
of the Poles, When the Sun (in his apparent way 
from X) arrives at C, which is on the 2oth of 
March, he is juft rifing to an obferver at 2 on the 
North Pole, and fetting to another at s on the South 
Pole. From C he rifes higher and higher in every 


apparent Diurnal revolution, ’rill he comes to the. 


higheft point of the Eclipticy, on the 21ft of Fune, 
and then he is at his greateft Altitude, which 1s 
233 degrees, or the Arc Hy, equal to his greateft 
North declination; and from thence he feems to 
defcend gradually in every apparent Circumvolu- 
tion, ’till he fets at Con the 23d of September , and 
then he goes to exhibit the like Appearances at the 
South Pole for the ocher half of the year. Hence 
the Sun’s apparent motion round the Earth ts not 
in parallel Circles, but in Spirals; fuch as might 
be reprefented by a thread wound round a Globe 
from Tropic to Tropic; the Spirals being at fome 
diftance from one another about the Equator, and 

gradually 
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The Phenomena of the Heavens as feen 
eradually nearer to each other as they approach to- 
ward the Tropics. 

126. If the obferver be any: where on the Pee | 
reftrial Equator'eCg, as fuppofe at e, he 1s in the 
plane of the Celeftial Equator 5 or under the Equi- 
noétial ECO; and the Axis of the earth Cs is co- 
incident with the Plane of his’ Horizon, extended 
out to: NV and S$, the North and South Poles of the 
Heavens. As the Earth turns round the'line NCS, 
the whole Heavens MOZ/ feem to turn round the 
fame line, but'the contrary way.’ It is plain that 
this obferver has ‘the celeftial Poles conftantly in 
his Horizon, and’ that his Horizon cuts the Drur- 
nal paths of all the Celeftial bodies perpendicularly 
and in halves. ‘Thérefore the Sun, Planets ‘and 
Stars, rife every day, and afcend perpendicularly 
above the Horizon ‘for fix hours, and paffing over 
the Meridian, defcend in the fame manner for the 
fix following hours’; then fet in the Horizon, and 
éontinue twelve hours below it. Confequently at 
the Equator the days and nights are equally long 
throughout the year. When “the obferver is in the 
fituation é, he fees the Hemifphere SEN; but in 
twelve hours after, he is carried half Pour" the 
Earth’s Axis to g, and then the Hemifphere SQN 
becomes: vifible to him; and SEN difappears. 
Thus we find, that to an obferver at’ either of the . 
Poles one half of the Sky is always vifible, and the 
other half never feen; but to an obferver on the 
Equator the whole Sky is feen every 24 hours,» 

The Figure here referred to, reprefents a Celef- 
tial clobe bf glafs, having a Térrettyat globe within © 
it 3 after the manner of the Glafs Sphere invented 
by my generous friend Dr. Lone, Lowudes’s wii 
feffor of Aftronomy in Cembridge, — 


127. If a Globe be held idewite to ine eye, at 
forme diftance, and fo that neither of it’s Poles can 
be feen, the Equator ECQ , and all Circles parallel 
to it, as DL, yxx, abX, MO, &c, will appear to be 

- ftraight 


from different Parts of the Earth. 59 


{traight lines, as projected in this Figure; which is 
requifite-to be mentioned here, becaufe we thall . 

have occafion to call them Circles in the following 
Articles of this Chapter *.. vo 20 ©: | 

128. Let us now fuppofe that: the obferver. has Phenomena 

gone from the'Equator ¢ towards the North Pole 7, 20 o.-0. nw 
and that he ftops at 7, from which place he then Poles. 
fees the Hemifphere MEHINL; his Horizon CL 
having fhifted asmany + Degrees from the Celeitial 

Poles -N and’S, as he has travelled from under the 
Equinoctial £. And as the Heavens ieemcon- 

ftantly to curn round’ the line NCS:as\ an VAxisy ali 

thofe Stars which are not fo: many degrees from 

the North Pole WV as the obferver is from the Equi- 
noétial, namely; the Stars north of the dotted pa- 

yallel DL, never fet below the Horizon ; and thofe 

‘which are fouth ‘of ithe dotted pamliel \4O mever 

‘rife above’ it): Hence, the former of tnefe. two 
parallel Circles is called the Circle of perpetual Appa- The Circles 
ition, and the latter the Circle of perpetual Occul- pWeeien ay 
-tation : but all the’ Stars between thefe two Circles and Occul- 
‘tife and fet every day. Let us imagine many “™ 
Circles to be drawn between thefe two, and parallel 

to them; thofe which are on the north fide of .the 
Equinoétial will be unequally cut by the Florizon 

“MCL, having larger portions above the Horizon 

‘than below it; and the more fo, as they are nearer 
‘tothe Circleof perpetual Apparition; but the re- 
-verfe happens to thofe on the fouth fide of the 
Equinoctial, whilft the Equinoétial is divided in 

“two equal parts’ by ‘the Horizon. Hence, by the 
apparent turning of the Heavens, the northern 

Stars defcribe greater Arcs or Portions of Circles 

above the Horizon than below it, and the greater, 
as they are farther from the Equinoctial towards 

the Circle of perpetual Apparition ; whilft the con- 


* The Plane of a Circle, ora thin circular Plate, being: turned 
edgewife to the eye, appears to be a itraight line, 
+. A Degree is the 360th part of a Circle, 


trary 


60 The Phenomena of the Heavens as feen 


PLATE 11..trary happens to all Stars fouth of the Equinoctial : 
but thofe upon it defcribe equal Arcs both above 
and below the Horizon, and therefore they are yuft 
as long above as below. it? w0qarD,and? de elo. 

129. An obferver on the Equator has no Circle 
of perpetual Apparition or Occultation, becaufe. all 
the Stars, together with the Sun and Moon, rife 
and fet to him every day. But, as a bare view 
of the Figure is fufficient to fhew that thefe two 
Circles DL and MO are juft as far from the Poles 
N and S as the obferver at z (or one oppofite to 
him at 0) is from the Equator ECQ); it is plain, 
that if an obferver begins to travel from the Equa- 
tor towards either Pole, his Circle of perpetual 
Apparition rifes from that Pole as from a Point, 
and his Circle of perpetual Occultation from the 

other. As’the obferver advances toward the nearer 
Pole, thefe two Circles enlarge their diameters, and 
come nearer one another, until he comes to the 
Pole; and then they meet and coincide in the Equi- 
noctial. On different fides of the Equator, to ob- 
fervers at equal diftances from it, the Circle of per- 
petual Apparition to one is the Circle of perpetual 
Occultation to the other. 7 08 


Why the 130. Becaufe the Stars never vary their diftances 

Stars always from the Equinoctial, fo as: to. be fenfible in;an 
defcribe the ; . 

fame paral age, the lengths of their diurnal and nocturnal 

Ielof mo- Arcs are always the fame to the fame places on the 

tion, and | 

thesuna Earth. But asthe Earth goes round the Sun every | 

diferent. - year in the Ecliptic, one half of which ison the 

north fide of the Equino¢tial and the other half on 

it’s fouth fide, the Sun appears to change his place 

every day, fo as to go once round the Circle YCX 

every year, §114. ‘Therefore whilft the Sun ap- 

pears to advance northward, from having defcribed | 

the Parallel 2bX touching the Ecliptic in XX, the 

days continually lengthen andthe nights fhorten, 

until he comes to y and defcribes the Parallel y2x, 

when the days are at the longeft and the nights at 

the 
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the fhorteft: for then, as the Sun goes no farther PLATE IL 
northward, the greateft portion that is poffible of - 
the diurnal Arc yz is above the Horizon of the 
‘inhabitant 7; and the fmalleft portion zx below it. 
As the Sun declines fouthward from y, he defcribes 
{maller diurnal and greater nocturnal Arcs, or Por- 
tions of Circles, every day; which caufeth the days 
to fhorten and nights to lengthen, until he arrives 
again at the Parallel a)X; which having only the 
{mall part ab above the Horizon MCL, and the 
ereat part DX below it, the days are at the fhorteft 
and the nights at the longeft ; becaufe the Sun re- 
cedes no farther fouth, but returns northward «as 
before. It is eafy to fee that the Sun muft be in 
the Equinoctial ECQ) twice every year, and then 
the days and nights are equally long; that is, 12 
hours each. Thefe hints ferve-at prefent to give 
an idea of fome of the Appearances refulting from 
the motions of the Earth; which will be more par- 
ticularly defcribed in the tenth Chapter. 


131. To an obferver at either Pole, the Horizon Fig. r. 
and Equinoétial are coincident, and the Sun and Gy‘ 
Stars feem to move parallel to the Horizon: there- and Right 
fore, fuch an obferver is faid to have a parallel po- hid 
 fition of the Sphere. To an obferver any where 
between either Pole and Equator, the Parallels de- 
feribed by the Sun and Stars are cut obliquely by 
the Horizon, and therefore he is faid to have an 
Oblique pofition of the Sphere. To an obferver 
any where on the Equator, the Parallels of Motion, 
defcribed by the Sun and Stars, are cut perpendi- 
cularly, or at Right angles, by the Horizon; and 
therefore he is faid to have a right pofition of the 
Sphere. And thefe three are all the different ways 
that the Sphere can be pofited to all people on 
the Earth. 


Cah RP. 


62 


The Phenomena of the Heavens as een 


? 


CoA! Peeevy 


The Phenomena of the Heavens as feen from different 
Parts. of the Solar Syftem 


132.€NO vaftly great is the diftance of the ftarry 

Heavens, that if viewed from any part of 
the Solar Syftem, or even many millions of miles 
beyond it, it’s appearance would be the very fame 
tous. The Sun and Stars would all feem to be 


_ fixed on one concave furface, of which the Speéta- 


tor’s eye would be the center. But the Planets, 
being much nearer than the Stars, their appearances 
will vary confiderably with the place from which 
they are viewed. Saat 

133. If the Spectator is at reft without their 
Orbits, the Planets will feem to be at the fame dif- 
tance as the Stars ; but continually changing their 
places with refpect to the Stars, and to one ano- 
ther: affuming various phafes of increafe and de+ 
creafe like the Moon. - And notwithitanding their 


_ regular motions about the Sun, will fometimes ap- 


pear to move quicker, fometimes flower, be: as 
often to the weft as to the eaft of the Sun; and at 
their greateft diftances feem quite ftationary. The 
duration, extent, and diftance of thofe points in 
the Heavens where thefe digreffions begin and end, 
would be more or lefs, according to the refpec- 
tive diftances of the feveral Planets from the Sun: 
but in the fame Planet they would continue inva- 
riably the fame at all times; like pendulums of 
unequal lengths ofcillating together, the fhorter 
move quick and go over a fmall {pace, the longer 
move flow and go over a large fpace. If the ob- 
ferver is at reft within the Orbits of the Planets, 
but not near the common center, their apparent 
motions will be irregular, but lefs fo than in the 
former cafe. Each of the feveral Planets will ap- 
pear bigger and lefs by turns, as they approach 

| nearer 
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nearer or recede farther from the obferver; the 
neareft varying moft in their fize... They will alfo 
move quicker or flower with regard to their fixed 
Stars, but will never be retrograde or ftationary. 

134. If an obferver in motion views the Hea- 
vens, the fame apparent irregularities will be ob- 
ferved, but with fome variation refulting from it’s 
own motion. If he ts on a Planet which has a ro- 
tation on it’s Axis, not being fenfible of his own 
motion, he will imagine the whole Heavens, Sun, 
Planets, and Stars, to revolve about him in the 
fame time that his Planet turns round, but the con- 
trary way; and will not be eafily convinced of the 
deception. If his Planet moves round the Sun, 
the fame irregularities and afpects as above-men- 
tioned will appear in the motions of the other Pla- 
nets; and the Sun will feem to move among the 
fixed Stars or Siens, directly oppolite to thofe in 
which his Planet moves, changing it’s place every 
day as he does. Ina word, whether our obferver 
be in motion or at reft, whithoe within or without 
the Orbits of the Planets, their motions will feem 
,irregular, intricate and perplexed, unlefs he is in 
‘the center of the Syftem; and from thence, the 
moft beautiful order and harmony will be feen by 
him. 

135. ' The Sun being the center of all the Planets The Sun's 
motions, the only place from which their motions anh aa 
could be truly feen, is the Sun’s center; where the from which 
-obferver being fuppofed not to turn round with the ae ui 
Sun (which, in this cafe, we mu{t imagine to be a places of the 
tranfparent body) would fee all the Stars at reft, oi be 
-and feemingly equidiftant from him. To fuch an &- 
obferver, the Planets would appear to move among 
the fixed Stars, in a fimple, r regular, and Gadgorm 
manner; only, that as in equal 1 times they defcribe 
equal Areas, they would defcribe {paces fomewhat 
unequal, becaufe they move in elliptic Orbits, § 155. 

Their motions would alfo appear to be what they 
are in fact, the fame way round the Heavens; in 


7 paths 
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paths which crofs at fmall Angles in different parts 
of the Heavens, and then feparate a little from one — 
another, § 20. So that, if the folar Aftronomer 
‘fhould make the Path or Orbit of : any other Planet 
a ftandard, and confider it as having no obliquity, 
$201, he would judge the paths of all the reft to 
be inclined to it; each Planet having one half of 
it’s path on one fide, and the other half on’ the 
oppofite fide of the ftandard Path or Orbit. © And 
if he fhould ever fee all the Planets ftart froma 
conjunction with each other *, Mercury would 
move fo much faiter than Venus, as to overtake her 
again (though notin the fame point of the Heavens) 
in a quantity of time almoft equal to 145 of our 
-days and nights; or, as we commonly call them, 
Natural Days, which include both the days and 
nights :: Venus‘would move’ fo much fafter. than 
the Earth, as to overtake it acain in585 natural 
days: the Earth fo much fatter than Mars, as to 
overtake him again in 778 fuch days: Mars fo 
much fafter than : Jupiter, as to overtake him again 
in 817 fuch days: and Jupiter fo much fafter than 
Saturn, as to overtake him again in 7236 days, all 
of our time. 
The tede- 136. But as our folat Aftrondened could hayes no 
ment that a idea of meafuring the courles of the Planets by our 
nomer would days, he ‘would ‘probably take the period of Mer- 
ite cury, which is the quickeft moving Planet, for a 
cerningthe Mealure to compare the periods of the others by. 
pe ncese*¢ As all the Stars would appear quiefcent to him, he 
“Phnets. would never think that they had any dependance 
upon the Sun; but would naturally imagine that 
the Planets have, becaufe they move round’ the | 
Sun. Andit is by no means improbable, that he 


* Here we do not mean fuch a conjunction, as that the » 
nearer Planet fhould hide all the ret from the obferver’s fight ; 
(for that would be impezfible unlefs the interfections of all their — 
Orbits were coincident, which she: are not, See § 21.) but 
when they were all in a line croffing the landard Orbit at 
right Angles, 3 
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would conclude thofe Planets, whofe periods are 
quickeft, to move in Orbits proportionably lefs 
than thofe do which make flower circuits. But 
being deftitute of a method for finding their Paral- 
laxes, or, more properly {fpeaking, as they could have _ 
no Parallax to him, he could never know any thing 
of their real diftances or magnitudes. Their rela- 
tive diftances he might ‘perhaps cuefs -at by their 
periods, and from thence infer fomething of truth 
concerning their relative bulks, by comparing their ~ 
apparent bulks with one another. For example, - 
Jupiter appearing bigger to him than: ase he 
would conclude it to be much bigger in fact; be- 
caufe it appears fo, and muft be farther from him, 
‘On account of it’s longer period. Mercury and 
the Earth would feem much of the fame bulk ; but » 
by comparing it’s period with the Earch’s, he would 
conclude that the Earth is much farther from hiin 
than Mercury, and confequently that it muft be 
teally bigger, though apparently of the fame bulk ; 
and fo of the reft. And as each Planet would 
appear fomewhat bigger in one part of it’s Orbit 
than in the oppofite, and to move quickeft when ic. . 
feems biggeft, the obferver would be at no lofs to 
determine that all the Planets move in Orbits, of 
which the Sun is not precifely in the center. 


137. The apparent magnitudes of the Planets The Plane- 
Continually change as feen from the Earth, which 27 no 
demonftrates that they approach nearer to it, and Jar as feen 
recede farther from it by turns.. From thefe Phe- f™,"" 
nomena, and their apparent motions among the - 
Stars, they feem to defcribe looped curves which ’ 
never return into themfelves, Venus’s path ex- 
cepted. And if we were to trace out all their ap- 

parent paths, and put the figures of them together 

In one diagram, they would appear fo anomalous 

and confufed, that no man in his fenfes could be- 

lieve them to be reprefentations of their real paths ; 

but would immediately conclude, that fuch appa- 

~ rent 


~~ a 


= 


66 The apparent Paths of Mercury and Venus. a 


+ 


PLATE rent irregularities muft be owing to fome Optic 
HI.. “jllufions. And after a good deal of ‘enquiry, he 
might perhaps be at a lofs to find out the true canfe” 

of thefe inequalities; efpecially if he were one of 

thofe who would rather, with the greateft juftice, 

charge frail man with ignorance, than the Almighty 

with being the author of fuch-confufion, — . 

ne he 138. Dr. Lone, in his firft volume of 4fronomy, 
Mercury has given us figures of the apparent paths of all the 
ice Planets, feparately, from Cassini; and on feeing 
them I firft thought of attempting to trace fome of 

them by a machine * that fhews the motions of 

the Sun, Mercury, Venus, the Earth and. Moon, 
according to the Copernican Syftem. Having taken’ 

off the Sun, Mercury, and Venus, I put black-lead 

. pencils in their places, with the points turned up-_ 
ward; and fixed a circular fheet of pafte-board {o, 

that the.Earth kept conftantly under it’s center in 

going round the Sun ; and the pafte-board kept it’s | 
parallelifm. Then, preffing gently with one hand 

“upon the pafte-board to make it touch the three 
pencils, with the other hand I turned the winch 

that moves the whole machinery : and as the Earth; 
together with the pencils in the places of Mercury 

Fig and Venus, had their proper motions round the 
Sun’s pencil, which kept at reft in the center of 

the machine, all the three pencils defcribed a dia- 

. gram from which the firft Figure of the third Plate 

is truly copied in a fmaller fize. As the Earth 
-moved round the Sun, the Sun’s pencil deicribed 

the dotted Circle of Months, whilft Mercury’s pen- 

cil drew. the curve with the greateft number of 

loops, and Venus’s that with the feweft. In theit 

inferior conjunctions they come as much nearer 

the Earth, or within the Circle of the Sun’s appa-_ 

rent motion round the Heavens, as they go beyond; 

it in their fuperior conjunctions. On each fide of 

the loops they appear ftationary ; in that part of 

“* The Orzery fronting the Title-page, — 
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a 


each loop next the Earth retrograde; and in all pare 


the reft of their paths direct. ) 

If Coffins Figures of the paths of the Sun, 
Mercury and Venus, were put together, the Figure 
as above traced out, would be exactly like them. 


Reet the Sun’s apparent motion round the 
‘Ecliptic, which is the fame every year; Mercury’s 


motion for feven years; and Venus’s for elght; in 


which time Mercury’s path makes 23 loops, croffing 
itfelf fo many times, and Venus’s only five. In eight 
years Venus fallsfo nearly into the fame apparent path 
again, as to deviate very little from it in tome ages ; 
but in what number of years Mercury and the reft 
of the Planets would defcribe the fame vifible paths 
Over again, I cannot at prefent determine, Having 
finifhed the above Figure of the paths of Mercury 
and Venus, I put the Ecliptic round them as in the 
Doétor’s Book ; and added the dotted lines from 
the Earth to the Ecliptic for fhewing Mercury’s 
apparent or geocentric motion therein for one year ; 
in which time his path makes three loops, and 
goes on a little farther; which fhews that he has 


three inferior, and as many fuperior conjunctions | 


with the Sun in that time; and alfo that he is fix 
times ftationary, and thrice retrograde. Let us 
now trace his motion for one year in the Figure, 
_Suppofe Mercury to be fetting out from 4 to- 
wards B (between the Earth and left-hand corner 


of the Plate) and as feen from the Earth his motion Fig, f, 


will then be direct, or according to the order of 
the Signs. Butwhen he comes to B, he appears 
to ftand ftill in the 23d degree Of mat F, as fhewn 
by the line BF. Whilft he goes from B to C, the 
line BF, fuppofed to move with him, goes back- 
ward from ¥ to £, or contrary to the order of 
Signs; and when he is at C, he appears f{tationary 
at E; having gone back 1 1 degrees. Now, fup- 
pole him ftationary on the firft of january at C, on 
the roth thereof he will appear in the Heavens 
as at'20, near-F’; on the 2oth he will be feen as 


2 at 
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atG,; on the 31ft at H; on the 10th of February 


at 7; on the 2oth at K; and.on the 28th at L; as 
the dotted lines fhew, which are drawn through ~ 
every tenth day’s motion in his looped path, and — 


continued to the Ectiptic. On the roth of March — 
he appears at M@; on the zoth at NV; and on the 
gift at O. On the roth of April he appears ftati- 
onary at P; on the 2oth he feems to have gone 


back again to O; and on the 3oth he appears ita- 


tionary at 9, having gone back 11; degrees. 


Thus Mercury feems to go forward 4 Signs 11 


Degrees, or i 31 Degrees; and to go back only 11 - 


or 12 Degrees, at a mean rate. From the 3oth of 
April to the 10th of May, he feems to move from. 
9 to R; and on the 2oth he is feen at 5, going 


forward in the fame manner again, according to 
the order of letters; and backward when they go 


back; which it is needlefs to explain any farther, 
as the reader.can trace him out fo eafily, through 
the reft of the year. The fame appearances happen 
in Venus’s motion; but as fhe moves: flower than 
Mercury, there are longer intervals of time be- 
tween them. 


Having already, § 120, given fome account of 


the apparent diurnal motions of the Heavens as 
feen from the different Planets, we fhall not trouble 
the reader any more with that fubject. 


-_ 


CE A P...VE. 


The Ptolemean Syflem refuted. The Motions and 


Phafes of Mercury and Venus explained. 


I ide BR Tychonic Syftem, § 97, being fufh- 
ciently refuted by the 1ogth Article, 

we fhall fay nothing more about it. : 
140. The Ptolemean Sy/tem, § 96, which afferts 
the Earth to be at reft in the Center of the Uni- 
verfe, ard all the Planets with the Sun and Stars 
to move round. it, is evidently falfe and abfurd. 
| FO ial | For 


PE Fe 
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For if this hypothefis were true, Mercury and 
Venus could never be hid behind the Sun, as their 
‘Orbits are included within the Sun’s: aut again, 
thefe two Planets would always move di ‘rect, and 
be as often in Oppofition to the Sun as in Conjunc- 
tion with him. But the contrary of all this is true: 
for they are juft as often behind the Sun as before 
him, appear as often to move backwards as for- 
wards, dnd are fo far from being feen at any time 
in the fide of the Heavens oppolice to the Sun, that 
they were never feen a quarter of a circle in the 
Heavens diftant from him. 

141. Thefe two Planets, when viewed at differ- Appeatan- 
ent times with a good telefcope, appear in all BAG caty sid 
various fhapes of the Moon; which is a plain proof Y's 
that they are enlightened by the Sun, and fhine 
not by any light of theirown : for if they did, they 
would conftantly appear round as the Sun does 3 
and could never be feen like dark fpots upon the 
Sun when they pafs directly between him and us. 
Their regular Phafes demon{trate them to be fphe- 
rical bodies 5 as may be fhewn by the following 
experiment. 

Hang an ivory ball by a thread, and let any Per- Experiment 
fon move it round the flame of a candle, at two or he 
three yards diftance from your Eye: when the ball "u- 
1S beyond the candle, fo as to be almoft hid by the 
flame, it’s enlightened fide will be towards you, and 
appear round like the Full Moon: When the ball 
is between you and the candle, it’s enlightened fide 
will difappear, as the Moon does at che Change: 
When it is half way between thefe two pofitions, 
it will appear half illuminated, ke the Moon in 
her Quarters: But in every other place between 
thefe pofitions, it will appear more or lefs horned 
or gibbous. If this experiment be made with a 
flat circular plate, you may make it appear ful ily 
enlightened, or not enlightened at all; but can 
neyer make it feem either horned or sibbous. | 

F 3 142, If 


» 
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PLATEM, 142. If you remove about fix or feven yards 
Experiment from the candle, and place yourfelf fo that. it’s 
enact fame may be juft about the height of your eye, 
ef Mercury and then defire the other perfon to move the ball 
and Wr" flowly round the candle as before, keeping it as 
near of an equal height with the flame as he pofli- 
bly can, the ball will appear to you not to move 
in a circle, but to vibrate backward and forward 
like a pendulum, moving quickett when it is di- 

rectly between you and the candle, and when di- 

rectly beyond it; and gradually flower as it goes — 
farther to the right or left fide of the flame, until 
it appears at the greateft diftance from the flame ; 
and then, though it continues to move with the 
fame velocity, it will feem to ftand ftill for amo- 

ment. In every Revolution it will fhew all the 

above Phafes, § 141; and. if two balls, a fmaller 
and a greater, be moved in this manner round the 
candle, the fmaller ball being kept neareft the 
flame, and carried round almoft three times as of- 
ten as the greater, you will have a tolerable good 
reprefentation of the apparent Motions of Mercury 

and Venus ; efpecially, if the bigger ball deferibes 
a circle almoft twice as large in diameter as the 

, circle defcribed by the leffer. wee 
Fig, HT, 143. Let ABCDE be a part or fegment of the 
vifible Heavens, in which the Sun, Moon, Planets 

and Stars, appear to move at the fame diftance from 
the Earth #. For there are certain limits, beyond 

which the eye cannot judge of different diftances ; 
as is plain from the Moon’s appearing to be no 

nearer to us than the Sun and Stars are. Let the 

circle febiklmno be the Orbit in which Mercury m- 

moves round the Sun S, according to the order of 
of the letters. When Mercury is at f, he difap- 
pears to the Earth at £, becaufe his enlightened 

fide is turned from it; unlefs he be then in one of 
The Elon- his Nodes, § 20, 253 1n which cafe, he will appear 
Digreions like a dark {pot upon the Sus... When he is atg 
fom the. 4! his Orbit, he appears at B in the Heavens, welt- 


Sun, ward . 


4 
. 
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ward of the Sun 8, which is feen at C: when at 4, pate nr, 
he appears at 4, at his greateft weftern elongation 
or diftance from the Sun; and then feems to ftand 
full. But, as he moves from 4 to 7, he appears to 
go from 4to Bs; and feems to be in the fame place 
when at 7 as when he was at g, only not near fo 
big: atk he is hid from the Earth £ by the Sun 
S; being then in his fuperior Conjunction. In 
going from & to /, he appears to move from C to D; 
and when he is at », he appears ftationary at FE; 
being feen as far eaft from the Sunthen, ashe ~~ 
was weit from him at 4 In going from x to o in : 
his Orbit, he feems to ¢o back again in the Hea- 
vens, from E to D; and is fcen in the fame place 
(with refpect to the Sun) at 0, as when he was at /; 
but of a larger diameter at 0, becaufe he is then 
nearer the Harth E: and when he comes to f, he 
again pafies by the Sun, and difappears as before. 
in going from x to 4 in his Orbit, he feems to go 
backward in the Heavens from E to 4; and in 
going from / to m, he feems to go forward from 
Ato E. As he goes on from f, 2 little of his en- 
lightened fide at gis feen from EZ at d he appears 
half full, becaufe half of his enlightened fide is 
feen ; at 7, gibbous, or more than half full; and at 
k he would appear quite full, were he not hid from 
the Karth Eby the Sun 8S. At/he appears’ gib- 
bous again ; at # half decreafed, at o horned, and 
at f new like the Moon at her Change. He 
goes fooner from his eaftern fkation at 7 to his wef- 
tern ftation at 4, than from / to # again; becaufe 
he goes through lefs than half his Orbit in the for- 
mer cafe, and more in the latter. | 

144. In the fame Figure, let PGHIKLMN be rig. ut. 
the Orbit in which Venus v moves round the Sun 
S, according to the order of the letters: and let 
E be the Earth as before. When Venus is at F, The Elon- 
fhe is in her inferior Conjunétion ; and difappears sions 24 
like the New Moon, becaufe her dark fide is to- Venus. 
ward the Barth. AtG, the appears half enlightened 
F 4 to 
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© to the Earth, like the Moon in her firft quarter : 
at H, fhe appears gibbous; at J, alrmoft full; her 
enlightened fide being then nearly towards the 
Earth: at K, fhe would appear quite full to the 
Earth £3 but is hid from it by the Sun Ss -at ZL, 
he appears upon the deereafe, or gibbous; at M, 
more fo; at J’, only halfenlightened; and at F, fhe 
difappears, again. In moving from. N to: G, fhe 


The ereatet feems to go backward in the Heavens; and from 


Elongation’ G tq N, forward: but, as the defcribes a much 

of Mercury . . 4 Ny. : 

ard Venus. greater portion of her Orbit in going from G to N, 
than from N to G, the appears much longer direé& 
than retrograde in her motion. At N and G the 
appears ftationary; as Mercury does at m and d. 
Mercury, when ftationary, feems to be only 28 


degrees from the Sun; and Venus, when fo; APs 


which’ is a demonftration that Mercury’s Orbit is — 
included within Venus’s, and Venus’s within the 


Earth’s. , 
Morning | 145. Venus, from her fuperior Conjunction at 


and Evening K to her inferior Conjunétion-at F, is feen on the 


Star, what, 


eaft fide of the Sun S from the Earth Z; and there- 
; fore fhe fhines in the Evening after the Sun fets, 
and is called tbe Evening Star: for, the Sun being 
then to the weftward of Venus, he muft fet firft. 
From her inferior Conjunction to her fuperior, fhe 
appears on the weft fide of the Sun; and therefore 
rifes before him, for which reafon the is called the 


Morning Star. When the is about N or G, fhe 


fhines. fo bright, that bodies caft fhadows in the ~ 


night-time. | ; 
146. If the Earth kept always at #, it is evi- 
dent that the ftationary places of Mercury and 
Venus would always be in the fame points of the 
Heavens where they were before. For example; 
whilit Mercury m goes from b to #, according 
to the order of the letters, he appears to defcribe 
| ‘Theftation- the arc ABCDE in the Heavens, dire&: and whilft. 


ary plress °F he goes from z to &, he feems to defcribe the fame _ 


the Planetg 3 
variable, arc back again, from £ to 4, retrograde ;, always 


at 


aw 
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at 2 and 4 he appears ftationary at the fame points 
E and 4 as before. But Mercury goes round his 
Orbit, from f to f again, in 88 days; and yet there 
are 116 days from any one of his Conjunctions, or 
apparent Stations, to the fame again: and the 
places of thefe Conjunctions and Stations are found 
to be about 114 degrees eaftward from the points 
of the Heavens where they were laft before; which 
proves that the Earth has not kept all that time at 
#, but has had a progreflive motion in it’s Orbit 
from £ to ¢. Venus alfo differs every time in the 
places of her Conjunctions and Stations ; but much 
more than Mercury; becaufe, as Venus defcribes 
a much larger Orbit than Mercury does, the Earth 
advances fo much the farther in it’s afinual path 
before Venus comes round again. 

147. As Mercury and Venus, feen from the 
Earth, have their refpective Elongations from the 
Sun, and ftationary places; fo has the Earth, feen 


w 
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The Elon- 
gations of 
all Saturn’s 
inferior Plae 
nets as feen 


from Mars; and Mars, feen from Jupiter; and from him. 


Jupiter, feen from Saturn. That is, to every fupe- 


rior Planet, all the inferior ones have their Stations 


and Elongations; as Venus and Mercury have to 
the Earth. As ieen from Saturn, Mercury never 


goes more than 24 degrees from the Sun; Venus 


47; the Earth 6; Mars 93; and Jupiter 337: 
fo that Mercury, as feen from the Earth, has almoft 
as great a Digreflion or Elongation from the Sun, 
as Jupiter feen from Saturn. 


- 148. Becaufe the Earth’s Orbit is included with- 4 Proof of 


the Earth’s 


in the Orbits of Mars, Jupiter, and Saturn, they annua! mo- 


are feen on all fides of the Heavens; and are as tion. 


often in Oppofition to the Sun as in Conjunétion 
with him. If the Earth ftood ftill, they would 


always appear direct in their motions ; never retro- 


grade nor ftationary. But they feem to go juft as 
often backward as forward; which, if gravity be 
allowed to exift, affords a fufficient proof of the 
Earth’s annual motion: and without it’s exiitence, 
the Planets could never fall from the tangents of 

their 
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PLaTEn, their Orbits towards the Sun, nor could’a ftone 


i 
f 
@ 
a 
Si 


which is once thrown up from the Earth ever fall © 


to the Earth again. a 

149. As Venus and the Earth are fuperior Pla- 

nets to Mercury, they fhew much the fame Appear- 

ances to him that Mars and Jupiter do to us.’ Let 

Fig. . Mercury m be at f{ Venus v at F, and the Earth 
General at #3; in which’ fituation Venus hides the Earth 


Phenomena 


of afperior from Mercury; but, being in oppofition to the” 
Planet toan Sun, fhe fhines on Mercury with a full illumined — 


inferior. 


Orb; though, with refpet to the Earth, fhe is in 


conjunction with the Sun, and invifible. When 
Mercury is at f, and Venus at.G, her enlightened 
fide not being directly towards him, fhe appears a. 
little gibbous; as Mars does in a like fituation to 


us: but, when Venus is at J, her enlightened fide’ 


is fo much towards Mercury at f, that fhe appears © 


to him almoft of a round figure. At K, Venus dif 
appears to Mercury at f, being then hid by the 
Sun; as well as all our fuperior Planets are to us, 
when in conjunction with the Sun. When Venus 
has, as it were, emerged out of the Sun beams, as 


at L, fhe appears almoft full to Mercury at f; ae 


-  Mand.N, a little gibbous; quite full at #, and: 


Jargeft of all; being then in oppofition to the Sun; 
and coniequently neareft to Mercury at f; fhining 
ftrongly on him in the night, becaufe her diftance 


from him then is fomewhat lefs than a fifth part of 

her diftance from the Earth, when fhe appears — 
roundeft to it berween J and K, or between K:and — 
L, as feen from the Earth E, .Confequently, when — 


Venus is oppofite to the Sun as feen from Mercury, 
fhe appears more than 25 times as large to. him as 
fhe does to us when at the fulleft. Our cafe is 
almoft fimilar with refpeét to Mars, when he is op- 


polite to the Sun; -becaufe he is then foinear the 
Earth, and has his whole enlightened fide to- 
wards it. But, becaufe the Orbits of Jupiter and — 
Saturn are very large in proportion to the Earth’s | 
Orbit, thefe two Planets appear much was : 

, * fied 
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fied at their Oppofitions, or diminifhed at their PLATE mL 
Conjun¢tions, than Mars does, in proportion to their 
mean apparent Diameters, 


CHAP. VIL. 


The phyfical Caufes of the Motions of the Planets. The 
+ Excentricities of their Orbits. The Times in which 
the Aéiion of Gravity would bring tbem to the Sun. 


ARCHIMEDES’S tdeal Problem for moving the Earth. 
Lhe World not eternal. 


150.4% ROM the uniform projectile motion of Gravitation 
bodies in ftraight lines, and the univerial a Me in 

power of attraction which draws them of? from thefe Fie 1V- 

lines; the curvilineal motions of all the Planets 

arife. If the body 4 be projected along the right 

line 4B.X, in open Space, where it meets with no 

refiftance, and is not drawn afide by any other 

power, it will for ever go on with the fame velo- 

city, and in the fame direction. For, the force 

which moves it from 4 to Bin any g given time, will She 

carry it from B to X in as much more time, and a 

fo on, there being nothing to obftruct or alter it’s 

motion. But if, when this projectile force has car- 

ried it, fuppofe to B, the body § begins to attract 

it, with a power duly adjufted, and perpendicular 

to it’s motion at #, it will then be drawn from the 

firaight line 4B.X, and forced to revolve about § 

in the Circle BYTU. When the body 4 comes to Fig. Iv, 

U, or any other part of it’s Orbit, if the fall body 

uw, within the {phere of U’s attraction, be projected 

as in the right line Z, with a force perpendicular 

to the attraétion of U, then a will go round U in 

the Orbit 7, and accompany it in it’s whole courte 

round the body S, Here, § may reprefent the Sun, 

U the Earth, and #2 the Moon. , 


151. If a Planet at B egravitates, or is attracted, 
toward the Sun, fo as to fall from B to yin the 
time 
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time that the projectile force would have carried it 
from B to X, it will defcribe the curve BY by the - 

- combined aétion of thefe two forces, in the fame 
time that the projectile force fingly would have 
carried it from B to X, or the gravitating power 
fingly have caufed it to defcend from B to y; and 
thefe two forces being duly proportioned, and per- 
pendicular to one another, the Planet obeying them 
both, will move in the circle BY TU*, 

152. But if, whilft the projectile force carries 
the Planet from B to 4, the Sun’s attraction (which | 
conftitutes the Planet’s gravitation ) fhould bring it 
down from B to 1, the gravitating power would 
then be too ftrong for the projectile force; and 
would caufe the Planet to defcribe the curve BC. 

Elliptical When the Planet comes to C, the gravitating power 

Oris. (which always increafes as the {quare of the diftance_ 
from the Sun S diminithes) will be yet ftronger for 
the projectile force; and by con{piring in fome de-~ 
eree therewith, will accelerate the Planet’s motion 
all the way from C to K; caufing it to to defcribe 
the arcs BC, CD, DH, EF, &c. all in equal times. 
Having it’s motion thus accelerated, it thereby i 
gains fo much centrifugal force, or tendency to fly 
off at Kin the line K&, as overcomes the Sun’s attrac-_ 
tion: and the centrifugal force being too great 
to allow-the Planet to be brought nearer the Sun, — 
or even to move round him in the Circle Kin, &c. — 
it goes off, and afcends in the curve KLMN, &c. 
it’s motion decreafing as gradually from K to B, as 
it increafed from B to K, becaufe the Sun’s attrac- 
tion now acts againift the Planet’s projectile motion — 
juft as much as it aéted with it before. When — 
the Planet has got round to B, it’s projectile force 
is as much diminifhed from it’s mean {tate about ! 


* To make the. projectile force balance the gravitating power 
fo exactly, as that the body may move in a Circle, the projec- | 
tile velocity of the body muft be fuch as it would have acquired — 
by gravity alone in falling through half the radius of the 


circle. 
G or | 
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G or N, as it was augmented at K; and fo, the PLATE In _ 
Sun’s attraction being more than fufficient to keep 
‘the Planet from going off at B, it defcribes the 
the fame Orbit over again, by virtue of the fame 
forces or powers. | 


153. A double projectile force will always ba- 
lance a quadruple power of gravity. Let the Planet 
at B have twice as great an impulfe from thence 
towards X, as it. had before; that is, in the fame 
gleneth of time that it was projected from B to 4, 
as in the laft example, let it now be projected from 
B to'c; and it will require four times as much gra- 
vity to retain it in it’s Orbit: that is, it muft fall 
as far as from B to 4 in the time that the projectile 
force would carry it frons B to ¢; ctherwife it 
could not defcribe the curve BD, as is evident by the Fig. tv. 
Figure. But, in as much time as the Planet moves 
from B to C in the higher part of it’s Orbit, it MOVES The Plancts 
from J to K, or from K to £, in the lower part ort: 

“Age : equal Areas 
thereof; becaufe, from the joint action of thefe two in equal 
forces, it muft always defcribe equal Areas in equal "™** 
times, throughout it’s annual courfe. Thele Areas 
are reprefented. by the triangles BSC, CSD, DSE, 

ESF, &c. whofe contents are equal to one another, 
quite round the Figure. . 

154. As the Planets approach nearer the Sun, a difficulty 
‘and recede farther from him, in every Revolution , "move 
there may be fome difficulty in conceiving the rea- 
fon.why the power of gravity, when it once gets 
the betrer of the projectile force, does not bring the 
Planets nearer and nearer the Sun in.every, Revo- 
Jution, till they fall upon and unite with him. Or 
why the projectile force, when it once gets the 
better of gravity, does not carry the Planets farther 
and farther from the Sun, till it removes them quite 
out of the iphere of his attraction, and caufes them 
to go in ftraight lines for ever afterward. But by 
confidering the effects of thefe powers as defcribed 
in the two laft Articles, this difficulty will be re- 

: moved. 


” 
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moved. Suppofe a Planet at B to be cartied by — 
the projectile force as far as from B to 4, in the time 
that gravity would have brought it down from B- 
to'1: by thefe two forces it will deferibe the curve | 
BC. When the Planet comes down to K, it will 
be but half as far from the Sun S as it was at Bs 
and therefore, by gravitating four times as ftrongly — 
towards him, it would fall from K to V in the fame 
length of time that it would have fallen from B to 
r in the higher part of it’s Orbit, that is, through — 
four times as much fpace; but it’s projedtile forces 
is then fo much increafed at K, as would carry it 
from K tok in the fame time; being double of 
what it was at B, and is therefore too {trong for the 
gravitating power, either to draw the Planet to the — 
Sun, or caufe it to go round him in the circle K/mn, 
&c. which would require it’s falling from K to w, 
through a greater fpace than gravity can draw it, — 
whilft the projectile force is fuch as would carry it 
from K to &: and therefore the Planet afcends in 
its Orbit KLMN, decreafing in it’s velocity for 
the caufes already affigned in § 152. : 


The Plane- 155. Phe Orbitsof all the Planets are Ellipfes, very 
~ tary Orbits: Tittle different from Circles: but the Orbits of the 
elliptical, . . 

Comets are very long Ellipfes; and the lower focusof — 

them allis inthe Sun. If we fuppofe the mean dif. | 

Their Ex- tance (or middle between the ereateft and leaft) of 

centricities. every Planet and Comet from the Sun to be divided ~ 

into 1000 equal parts, the Excentricities of their Or. _ 

bits, both in fuch parts and in Exghi/h miles, will be as io 

follow. Mercury’s, 210 parts, or 6,720,000 miles 5 __ 

Venus’s, 7 parts, Or 413,000 miles; the Earth’s, 

17 parts, or 1,377-000 miles ; Mars’s, 93 parts, 

or 11,439,000 miles; Jupiter’s, 48 parts, or 

20,352,000omiles; Saturn’s, 55 parts, or 42,735,000 © 

miles. Of the neareft of the three forementioned — 
Comets, 1,458,000 miles; of the middlemoft, | 

2,025,000,000 miles; and of the outermoft, — 

6,600,000,000. - ! 7 


| 
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156. By the above-mentionéd law, § 150 €9 eq. The above 
bodies will move in all kinds of Ellipfes, whether ws #*- 
long or fhort, if the fpaces they move in be void of motions _ 
tefiftance. Only, thofe which move in the longer Doh'ns* 
Ellipfes, have fo much the lefs projectile force im- elliptic Or- 
prefiled upon them in the higher parts of their >“ 
Orbits; and their.velocities, in coming down to- 
wards the Sun, are fo prodigioufly increafed by his 
attraction, that their centrifugal forces in the lower 
parts of their Orbits are fo great, as to overcome 
the Sun’s attraction there, and caufe them to afcend 
again towards the higher parts of their Orbits; 
during which time, the Sun’s attraction acting fo 
contrary to the motions of thofe bodies, caufes 
them to move flower and flower, until their pro- 
jectile forces are diminifhed almoft to nothing; 
and then they are brought back again by the Sun’s 
attraction, as before. 

' 157. If the projectile forces of all the Planets '» what 
and comets were deftroyed at their mean diftances pr."* 
from the Sun, their gravities would bring them would fall 
down fo, as that Mercury would fall to the Sun in ee a 
415 days 13 hours; Venus in 39 days t7 hours, o gravity. 
the Earth or Moon in 64 days 10 hours; Mars in ° 

a2i days; Jupiter in 290; and Saturn in 767. 

The neareft Comet in 13 thoufand days ; the mid- 
dliemoft in 23 thouland days; and the outermott 

in 66 thoufand days. The Moon would fall to 

the Earth in 4 days 20 hours; Jupiter’s fir Moon 

would fall to him in 7 hours, his fecond in 15, his 

third in 30, and’ his fourth in 71 hours. Saturn’s 

firft Moon would fall to him in 8 hours, his fecond 

in 42, his third in 19, his fourth in 68 hours, and 

his fifth in'336. A {tone would fall to the Earth’s 
center, if there were an hollow paffige, in 21 
minutes 9 feconds. Mr. Wuistron gives the fol- 
fowing Rule for fuch Computations.  “ * It is de- 
monftrable, that half the Period of any Planet, 

when it is diminifhed in the fefquialteral propor- 

..  * Aftronomical Principles of Religion, p. 66. ’ 

| tion 
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_ tion of the number 1 to the number 2, or nearly. 
in the proportion of 1000 to 2828, is the time that 
it would fall to the center of it’s Orbit.” This 
proportion is, when a quantity or number contains 
another once anda halt as much more. 


The proai- 158. The quick motions of thé Moons of Jupiter 
giousattrac- and Saturn round their Primaries, demonftrate that 
Sincnd thefe two Planets have ftronger attractive powers 
Planets. -than the Earth has. For, the ftromger that one 
body attracts another, the greater muft be the pro- 
jectile force, and confequently the quicker muft be 
the motion of that other body to keep it from fall- 
ing to it’s primary or central Planet. Jupiter’s 
fecond Moon is 124 thoufand miles farther from 
Jupiter than our Moon is from us; and yet) this 
fecond Moon goes almoft eight times round Jupiter: 
wnilft our Moon goes only once round the Earth. 
What a prodigious attractive power muft the Sun — 
then have, to draw all the Planets and Satellites of 
the Syftem towards him; and what,an amazing | 
power muft it have required to put all thefe Planets — 
and Moons into fuch rapid Motionsat firft! Amaz-_ 
"ing indeed to us, becaufe impoffible to be effected 
by the ftrength of all the living Creatures in an | 
unlimited number of Worlds; but no ways hard 
for the Almighty, whofe Planetarium takes in the — 
whole Univerfe ! | wit 
Arcur- =: 159. The celebrated AncuimepEs affirmed:he | 
- Problem  COUld move the Earth, if he had a place at a dif-_ 
for raifing tance from it to ftand upon to manage his machi-— 
om exe nery*. ‘This affertion is true in Theory, but, upon — 
examination, will be found abfolutely impoffible in ~ 
fact, even though a proper place and. materials of | 
fufficient ftrength could be had. ood 
The fimpleft and eafieft method of moving a 
heavy body a little way is by a lever or crow, where 
a {mall weight or power applied to the long arm_ 


— * Ads me say nab rv xoopiv xiicw, 2. € Give mea place to — 
ftand on, and I fhall move the Earth. ~ | 


Peas fit will 
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will raife a great weight on the fhort one. But 
then, the fmall weight muft move as much quicker 
than the great weight, as the latter is heavier than 
the former ; and the length of the long arm of the 
lever to the length of the fhort arm mutt be in the 
fame proportion. Now, fuppofe a man pulls or 
/prefles the end of the long arm with the force of 
200 pound weight, and that the Earth contains in 
round numbers, 4,000,000,000,000,000,000,000 
or 4000 Trillions of cubic feet, each at a mean 
rate weighing 100 pound; and that the prop 
orcenter of motion of the lever is 6000 miles 
from the Earth’s center: in this cafe, the length 
of the lever from the Fulcrum or center of mo- 
tion to the moving power or weight ought to be 
12,000,000,000,000,000,000,000,000 ort 2Quad- 
rillions of miles; and fo many miles muft the 
power move, in order to raife the Earth but one 
mile: whence it is eafy to compute, that if Arcur- 
MEDES, Or the power applied, could move as fwiftas a 
cannon-bullet, it would take 27,000,000,000,000 
or 27 Billions of years to raife the Earth one inch, 

If any other machine, fuch as a combination of 
wheels and fcrews, was prce-:ofed to move the Earth, 
the time it would require, and the fpace gone 
through by the hand that turned the machine, 
would be the fame as before. Hence we may 
learn, that however boundlefs our Imagination and 
Theory may be, the actual operations of man are 
confined within narrow bounds; and more fuited 
to our real wants than to our defires, 


160. The Sun and Planets mutually attract each Hard to de- 
other: the power by which they do fo we 5 eee 
Gravity, But whether this power be mechanical vity is 
or no, is very much difputed. Obfervation proves 
that the Planets difturb one another’s motions by 
it, and that it decreafes according to the fquares of 
the diftances of the Sun and Planets; as light, 
which is' known to be material, likewife does. 

G Hence 
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Fence Gravity fhould feem to arife from the acency 
of fome fubtle matter preffing towards the Sun and | 
Planets, and acting, like all mechanical caufes,. by 
contaét. But on the other hand, when we.con- 
fider that the degree or force of Gravity i is exactly 
in proportion to the quantities of matter in thofe 
bodies, without any regard to their bulks or quan- 


tities of furface, adting 7 as freely on their internal as 


external parts; it feems to furpafs the power of 
mechani{m ; and to be either the immediate agency 
of the Deity, or effected by a law originally efta- 
blifhed and impreft on all matter by him. But 
fome affirm that matter, being altogether inert, 
cannot be imprefled with any Law, even by al- 
mighty Power: and that the Deity, or fome fub- 
ordinate intelligence, muft therefore be conftantly 
impelling the Planets toward the Sun, and moving 
them with the fame irregularities and difturbances _ 
which Gravity would caufe, if it could be fuppofed . 
to exiff.~ But, if a man may venture to publifh his 
own thoughts, it feems to me no greater abfurdity, 
to fappofe the Deity capable of infufing a Law, or | 
what Laws he pleates, into matter, than to fuppofe 
him capable of giving it exiftence at firft. The 
manner of both is equally inconceivable to us; 
‘but neither of them imply a contradiction in our 
ideas: and what implies no contradiction, is within 
the power of Omnipotence. 

161. That the projectile force was at firft given. 
by the Deity is evident. For, fince matter can 
never put itfelf in motion, and all bodies may be 
moved in any direction whatloever ; and yet the 
Planets, both primary and fecondary, move from 
weit to eaft, in planes nearly coincident; whilft the 
Comets move in all directions, and in planes very 
different from one another; thefe motions can 


be owing to no mechanical caufe or neceffity; 
bat to the free will and power of an intelligent 


Being. 


¥ sy Of 162. _What- 
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162, Whatever Gravity be, it is plain that it 

acts every moment of time: for fhould it’s ation 

ceafe, the projectile force would inftantly carry off 

the Planets in ftraight lines from thofe parts of 

their Orbits where Gravity left them. But, the 
Planets being once put into motion, there is no 
occafion for any new projectile force, unlefs they 

meet with fome refiftance in their Orbits ; nor for 

any mending hand, unlefs they difturb one another 
too much by their mutual attra@tions. 

163. It is found that there are difturbances The Planets 
: ‘ f ee difturb one 

among the Planets in their motions, arifing from jiothers 
their mutual attractions when they are in the fame motions. 
quarter of the Heavens; and the beft modern ob- 
fervers find that our years are not always precifely 

of the fame length*. Befides, there is reafon to 
believe that the Moon is fomewhat nearer ‘the 

Earth now than the was formerly ; her periodical 
month being fhorter than it was in former ages, 

For, our Aftronomical Tables, which in the prefent The confes 
Age fhew the times of Solar and Lunar Eclipfes “i 
to great precifion, do not anfwer fo well for very 
ancient Eclipfes. Hence it appears, that the Moon 

does not move in a medium void of al] refiftance, 
$174; and therefore her projectile force being a 

little weakened, whilft there is nothing to diminifh 

her gravity, fhe muft be gradually approaching 
hearer the Earth, defcribing fmaller and fmaller 
Circles round it in every Revolution, and finifhing 

her Period fooner, although her abfolute motion 


_ “Tf the Planets did not a@ mutually upon one another, the 
areas defcribed by them would be exactly proportionate to the 
times of defcription, § 153. But obfervations prove that thefe 
areas are not in fuch exat proportion, and are mott varied 
when the Ws number of Planetg are in any particular quar- 
ter of the Heavens. When any two Planets are in conjunction, 
their mutual attra@tions, which tend to bring them nearer to 

one,another, draws the inferior one a little farther from the 

Sun, and the fuperior one a little nearer to him ; by which 
means, the figure of their Orbits is fomewhat altered ; but 
this alteration is too {mall to be difcovered in feveral ages. 
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with regard to {pace be not fo quick now as it was 
formerly : and, therefore, fhe muft come to the 
Earth at laft; unlefs that Being, which gave. her 
a fufficient projectile force at the beginning, adds 
a little more to it in due time. And, as all the 
Planets move in fpaces fuil of ether and light, which 
are material fubftances, they too muft meet with 
fome refiftance. And therefore, if their gravities 
are not diminifhed, nor their. projectile forces in- 
creafed, they muft neceffarily approach nearer and 
nearer the Sun, and at length fall upon and unite 
with. him. 


164. Here we have a ftrceng philofophical argu 


ment againft the eternity of the World. For, had 
it exifted from eternity, and been left by the Deity 
to be governed by the combined actions of the 
above forces or powers, generally called Laws, it 
had been at an end Jong ago. And if it be left to 
them, it muft come to an end. But we may be 
certain that it will laft as long as. was intended by 


it’s Author, who ought no more to be found fault — 


with for framing fo perifhable a work, than for 
making man mortal. , ie ale 


CHAP. VIIk 


Of Light. It’s proportional quantities on the different 
Planets. Its Refrattions in Water and Air. The 
Almofphere , ifs weight and properties. T. be Hort- 


zontal Moon. 


| shie Wm confifts. of exceeding {mall par- . 


ticles of matter iffuing from a luminous © 


body ; as from a lighted candle fuch particles of 
matter conftantly flow in alldirections,. Dr. Nrew- 
ENTYT* computes, that in one fecond of time there 


000,000,000,000,000 particles of light out of a 


burning candle; which number contains at leaft 


_* Religious Philofopher, Vol. III. page 65. 
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Properties of Light. 
6,337242,000,000 times the number of grains — 
of fand in the whole Earth; fuppofing 100 grains — 
of {and to be equal in length to an inch, and con- 
fequently, every cubic inch of the Earth to con- 
tain one million of fuch grains, 

166. Thefe amazingly fmall particles, by ftri- e's 
king upon our eyes, excite in our minds the idea 4... .. 
of light: and, if they were fo large as the {malleft “se at 
particles of matter difcernible by our beft microf- javger. 
copes, inftead of being ferviceable to us, they 
would foon deprive us of fight by the force arifing 


from their immenfe velocity, which is above 164 


thouiand miles every fecond *, or 1,2 30,000 times 
fwifter than the motion of .a cannon-buller. And’ 
therefore, if the particles of light were fo large, 
that a million of them were equal in bulk to an 
ordinary grain of fand, we durft no more open our | 
eyes to the light, than fuffer fand to be thos point 
blank againft them. 

167. When thefe finall particles, flowing from Howotjees 
the Sun or from a candle, fall upon bodies, and ble tou, 
are thereby reflected to our eyes, they excite in — 
us the idea of that body, by forming it’s pi€ture 
onthe retina. And fince bodies are vifible on 
ail fides, light muft be reflected from them in all 
directions. 

163. Aray of light isa continued ftream of The ray-of 
thefe pasticles, flowing from any vifible body in a aly» 
ftraight line. That the rays move in ftraight, and in firaigh: 
not in crooked hnes, unlefs they be refracted, is "* 
evident from bodies not being vifible if we endea- 
vour to look at them through the bore of a bend-. 
ed pipe; and from their ceafing to be feen by the 
interpofition of other bodies, as the fixed Stars by 
the interpofition of the Moon and Planets, and 
the Sun wholely or in part by the interpofition of 
the Moon, Mercury, or Venus. And that thefe A procf sh: 


ue ° they hin’: 
rays do not interfere, or joftle one another out of yr" 


* This will be demonftrated in the eleventh Chapter. ch i phy 
t A fine net-work membrane in the bettom of the eye. 
G 3 their 
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PLATE It. their. ways, in flowing from. different. bodies all 
around, is plain from the following Experiment. 
Make a little hole in a thin plate. of. metal, and 
fet. the plate upright.on a table, facing a row. of, 
lighted candles ftanding by one. another; then 
place a fheet of paper or pafteboard ar a little dif- 
tance from the other fide of the plate, and the rays’ — 
of ali the candles, flowing through the-hole, will 
form as many fpecks of light on. the paper as 
there are candles before the plate; each fpeck. as 
diftinct and large, as if there were only one candle. 
to caft. one fpeck,; which. fhews that. the. rays are. 
no hinderance to each other in. their motions, al-. 
though they all crofs in the hole. 


16g. Light, and therefore heat fo far as it de- 

pends on, the Sun’s rays (§ 85, towards the end) 

decreafes in proportion to the fquares of the dif- 

tances of the Piancts from the Sun, This is eafily: 

demonftrated by. a Figure which, together with 

it’s, defcription, 1, have taken from Dr, Smirx’s, 

Fig. x1. Optics™.. Let the light which flows froma point: 

7 A, and paffes through a fquare hole B, be recei- 
ves upon a plane C, parallel to the plane of the: 

hole; or, if you pleafe, let the figure C be the 

Inwhet — fhadow of the plane B; and when the diftance C is. 
light and. Goubdle of B,. the lenoth and breadth of the fha- 
heat ¢e- dow C. will be each double of the length and) 

any given breadth of the plane B; and treble when 4D is 


fone treble of 4B; and fo on: which may be eafily. 
Sun, examined, by the light of a candle placed at /. 


Therefore the furface of the fhadow C, at the 
diftance 4C double of AR; is divifible into four. 
fquares, and at a treble diftance, into nine {quares;. 
feverally equal to the fquare B, as reprefented in» 
the Figure. The light then which falls upon the: 
plane 2, being fuffered to pafs to double that 
diftance, will be uniformly fpread over four times 
the {pace, and confequently will be four times 
* Book I, Art. 57. eh TS 
a , thinner 
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J 
thinner in every part of that fpace; and at a treble PLATE 21. 
diftance, it will be nine times thinner; and at a 
quadruple diftance, fixteen times thinner, than it 
was at firlt; and fo on, according to the increafe 

_ of the fquare furfaces B, C, D, #, built upon the 
diftances 4B, AC, AD, AE. Confequently, the 
quantities of this rarefied’ light received upon a 
furface of any given fize and fhape whatever, re- 
moved fucceffively to thefe feveral diftances, will 
be but one quarter, one ninth, one fixteenth of 
the whole quantity received by it at the firft dif- 
tance 46. Or in general words, the denfities and 
quantities of light, received upon any given plane, 
are diminifhed in the fame proportion, as the 
{quares of the diftances of that plane, from the: 
luminous body, are increafed: and on the con- 
trary, are increafed in the fame proportion as thefe 
fquares are diminifhed. 

170. The more a telefcope magnifies the difks Why 
of the Moon and Planets, they appear fo much pear dim. 


ear dim- 
dimmer than to the bare eye; becaufe the tele- mer when ; 
{cope cannot magnify the quantity of light, as it telezopes 
does the furface; and, by fpreading the fame ea ey 
quantity of light over a furface fo much larger “7” 
than the naked eye beheld, juft fo much dimmer 
‘muft it appear when viewed by a telefcope than 

by the bare eye. Rta, 

171. When a ray of light paffes out of one 
medium * into another, it is refracted, or turned 
out of it’s firft courfe, more or lefs, as it: falls 

more or lefs obliquely on the refracting furface 

which divides the two mediums. This may be 

proved by feveral experiments ; of which we {hall 

only give three for example’s fake. 1. In a bafon Fig. vimn 
FGH put a piece of money as DB, and then retire 

from it as to 4, till the edge of the bafon at E 
jult hides the money from your fight: then, keep- 


* A medium, in this fenfe, is any tranfparent body, or that 
through which the rays of light can pafs ; as water, glafs, dia- 
mond, air; and even a vacuum is fometimes called a Medium. 
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ing your head fteady, let another perfon fll the. 
bafon gently with water. As he fills it, you will 
fee more and more of the piece DB; which will 
be all in view when the bafon is full, and appear 


as if lifted up to C, For, the ray AEB, which 
was ftraight whilft the bafon was empty, is now 


bent at the furface of the water in FE, and turned 


out of it’s rectilineal courfe into the dire@ion. ED. 


Or, in other words, the ray DEK, that proceeded 


ina ftraight line trom the edge D whilft the bafon 


The Atmoe 


fphere, 


was empty, and went above the eye at 4, is now 


bent at E; and inftead of going on in the regti- 


lineal direction DEK, goes in the angled direction 


DEA, and by entering the eye at 4 renders the 


object DB vifible. Or, 2dly, place the bafon 


where the Sun fhines obliquely, and obferve where. 


the fhadow of the rim £ falls on the bottom, as 
at B: then fill it with water, and the thadow will 
fall at D; which proves, that the rays of light, 
falting obliquely on the furface of the water, are 


refracted, or bent downwards into it, 


172. The lefs obliquely the rays of light fall 


upon the furface of any medium, the lefs they are 


refracted; and if they fall perpendicularly thereon, 
they are not refracted at all. For, in the lalt ex-_ 
periment, the higher the Sun rifes, the lefs will 
be the difference between the places where the 
edge of the fhadow falls, in the empty and full — 
bafon. And, 3dly, if a ftick be laid over the 


bafon, and the Sun’s rays be refleéted perpendicu- 


larly into it from a Jooking-elafs, the fhadow of 


the ftick will fall upon the fame place of the bot- 
tom, whether the bafon be full or empty. 


173. The denfer that any medium 1s, the more. 


is light refracted in pafling through it, 


174. The Earth is furrounded by a thin fluid 


mals of matter, called the ir, or Atmefpbere, 
which gravitates to the Earth, revolves with it in 


it’s diurnal motion, and goes round the Sun with 


%: 
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it every year. This fluid is of an elaftic or {pringy 
nature, and it’s lowermoft parts being prefled | by 
the weight of all the Air above them, are fqueezed 
the clofer together ; and are therefore denfeft of 
all at the Earth’s furface, and gradually rarer the 
higher up. ‘* Ir is well known * that the Air near 
the furface of our Earth poffefles a fpace about 
1200 times greater’ than Water of the fame 
weight. And therefore, a cylindric column of 
Air 1200 feet high is of equal weight with a cy- 
linder of Water of the fame breadth, and but one 
foot high. Buta cylinder of Air reaching to the top 
of the Atmofphere is of equal weight with a cylin- 
der of Water about 33 feet high +; and therefore 
if from the whole cylinder of Air, the lower part 
Of 12009 feet high is taken away, the remaining 
upper part will be of equal weight with a cylin- 
der of Water 32-feer high; wherefore, at the 
height of 1200 feet, or two furlongs, the weight 
of the incumbent Air is lefs, and confequently the 
rarity of the comprefied Air is greater than near 
the Earth’s furface, in the ratioof 33 to 32. And 


having this ratio, we may compute the rarity of © 
the Air at all heights whatfoever, {uppofing the ©. 
expanfion thereof to be reciprocally proportional 


to it’s compreffion; and this proportion has been 
proved by the experiments of Dr. Hooke and 
others. The refult of the computation I have fet 
down in the annexed Table; in the firft column 
of which you have the height of the Air in miles, 
whereof 4000 make a femi-diameter of the Earth; 
in the fecond the compreffion of the Air, or the 
incumbent weight; in the third it’s rarity or ex- 
panfion, fuppofing gravity to decreafe in the du- 
plicate ratio of the diitances from the Earth’s 
center. And the {mall numeral figures are here uled 
to fhew what number of cyphers mutt be joined 
* Newron’s Syfem of the World, p. 120. 


t This is evident from pumps,’ fince none can draw water 
higher than 33 feet, 


to .. 
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to the numbers exprefled by the larger figures, as 
o.'71224 for 0.000000000000000061224, and 
26956"5 for 26956000000000000000. 


AIR’s , hs 
des tine Nee yeig 
; Height. Compreffiion. Expanfion.} 
The Air's Rast ha rh itn i's 
comprefhion : Ch Rit, COMELEPOR Om Mike BP ike Ge i 
8 rarity at 5 17.8515 ety herye 1.3486 
auiyerent . , ted fed 
20 2952s ot fe,. oI EeS 7h 
AO} 0.2525 4 .F. 136.83) 


400] 0.771224 .] 2695635 

4000 067° 5 4465 73997 °* 
40000 0.7971628 | 26267159 
400050] 0.7*°78q5 | 41798797 
4000000 0.7**9878 33414709 

1 Infinite 0.7'*9941 | $46227°? 


From the above Table it appears that the Air 
in proceeding upwards is rarefied in fuch manner, 
that a {phere of that Air which is neareft the 
Earth but of one inch diameter, if dilated to an- 
equal rarefaction with that of the Air at the height 
of ten femi-diameters of the Earth, would fill up 
more {pace than is contained in the whole Hea- ' 
vens on this fide the fixed Stars.” And it like- 
wife appears that the Moon does not’ move in a~ | 
perfectly free and unrefitting medium; although 
the Air, at a height equal to her diftance, is at” 
leaft 34c000'9° times thinner than at the Earth’s 
furface; and therefore cannot refift her motion, fo: 
as to be fenfible'in many ages. 


Rs weight = 175. The weight of the Air, at the Earth’s fure - 

Bow (Ons Cages 48 found by experiments made with the aire 
pump, and alfo by the quantity of mercury that’ 
the Atmofphere’ balances in the barometer; in 
which, at a mean flate, the mercury ftands 29% 
inches high. And if the tube were a fquare inch 
wide, it would at that height contain 29% cubic 
inches of mercury, which is juft 15 pound weight ; 
+ 0 and 
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and fo much weight of Air every fquare inch of 
the Earth’s furface fuftains ; and every loans foot 
144 times as much, becaufe it contains 144 fquare 
inches. Now, as the Earth’s furface contains, in 
round numbers, 200,coo0,cco fquare miles, it muft 
contain no lefs than 5,575,680,000,000,000 fquare 
feet; which being multiplied by 2160, the num- 
ber of povinds on each fquare foot, amounts to 
12,043,468,800,000,000,000 pounds, for’ the 
weight of the whole Atmo{phere. At this rate, a 
middle-fized man, whofe {urface is about 15 {quare 
feet, is prefled by 32,400 pound weight of Air-all 
around ,; for fluids prefs equally up and down, 
and on all: fides. But, becauie this enormous 
weight is equal on all fides, and counter-balanced 
by ihe fpring ofithe Air diffufed through all parts 
of our bodies, it is not in the leaft “degree relt ; 
by us. 

176, Oftentimes the fate of the Air is fuch, a common 
that we feel ourfelves languid and dull; which is Mk | 
commonly thought to be occafioned by the: Air’s weight of 
being foggy and heavy about us. But thatthe’ “™ 
Air 1s then too light, is evident from the mer-— - 
cury’s finking in the barometer, at which time it 
is generally found that the Air has not fufficient 
ftrengih to bear up the Vapours which compofe 
the Clouds: for, when it.is otherwife, the Clouds 
mount high, and the Airis more elaftic and weighty 
about us, in which means it balances the internal 
{pring of the Air within us, bracessup our blood- 
veflels and nerves, and makes us brifk and lively. 

177. According to * Dr. Kerxr, and othera sttro- Without an 
nomical writers, it is entirely owing to the Atimo- aneees 
fphere that the Heavens appear bright i in the day=.would a!- 
times For, without an Atmofphere, only «that yi a 
part of the Heavens would thine in which the Sun we mould 
was placed: and if we could live without Air, eiviaiate 
and fhould turn our backs towards the Sun, the 
whole Heavens would appear as dark as in the 

* See-his Afroncmy, p. 2325- 
night, 


+ 
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PLATE It, night, and the Stars would be feen as clear as in: 
the nocturnal fky. In this cafe, we fhould: have 
no twilight; but a fudden tranfition from the 
brighteft {unfhine to the blackeft darknefs imme- _ 
diately after fun-fet; and from the blackeft dark-— 
nels to the brighteft fun-fhine at fun rifing; which, 
would be extremely inconvenient, if not yep 
to all mortals. But, by means of the Atmo- 
fphere, we enjoy the Sun’s light, reflected from. 
the aerial particles, for fome time before he rifles 
and after he fets. For, when the Earth by it’s, 
rotation has withdrawn the Sun from our fight, 
the Armolphere being ftill higher than we, has his 
light imparted to it; which gradually decreafes 

f until he has got 18 degrees below the Horizon ; 
and then, all that part of the Atmofphere which 

, is above us is dark. From the length of twi- 
light, the Doétor has calculated the height of the 
Atmofphere ({o far as it is denfe enough to reflect 
any light) to be about 44 miles. But “it is feldom 
denfe enough at two miles height to bear up. the 
Clouds. 


| Arbringsthe = 4.78, The Atmofphere refraéts the Sun’s ways 

eet" fo, as to bring him in fight every clear day, before 

| is he he rifes in the Horizon; and to keep him in view 

in view after OF ome minutes after he is really fet below it, 

hefets. For, at fome times of the year, we fee the Sun ten 
minutes longer above the Horizon than he would 
be if there were no refractions: and about fix 
minutes every day at a mean rate. 

Fig. IX. 179. To illuftrate this, let JEK be a part of the 
Farth’s furface, covered with the Atmofphere 
HGFC; and let HEO be the * fenfible Horizon 
of an obferver at #.. When the Sunis at 4, really 
below the Horizon, a ray of light AC proceeding 
from him comes itraight to C, where it falls on 

. the furface of the Atmoiphere, and there entering 

a denfer medium, it is turned out of it’s reétilineal 
* As far as one can fee round him on the Barth. 

| courfe 


| 
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courfe 4CdG, and bent down to the obferver’s eye 
at £; who. then fees the Sun inthe direction of 
the refraéted ray Ede, which lies above the Hori- 
zon, and being extended out to the Heavens, 
flews the Sun at B, § 171. 

180. The higher the Sun rifes, the lefs his rays 
are refracted, becaufe they fall lefs obliquely on 
the furface of the Atmofphere, § 172. Thus, 
when the Sun is in the direction of the line EfL 
continued, he is fo nearly perpendicular to the 
furface of the Earth at A, that his rays are but 
very little bent from a rectilineal courte. 

181. The Sun is about 324 min. of a deg. in 
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breadth, when at his mean diftance from the The quan- 


meter, brings all his Difc in view, when his upper- 
_ moft edge “rifes in the Horizon. At ten deg. 
height the refraction is not quite 5 min.; at 20 
deg. only 2 min. 26 fec.; at 30 deg. but 1 min. 
32 fec.; between which and the Zenith, it is 
fcarce fenfible: the quantity throughout, is fhewn 
by the annexed table, calculated by Sir Isaac 
Newron. 


182. 4 


f Re- 
Earth ; Mn the horizontal refraction of his rays is aia r 


332 min. which being more than his whole dia-_ 


2¢ 
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of the Sun, Moon, and Stars ;\ 
adapted to their apparent Al- 


titudes. 
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183. In all obfervations, to have the true alti- pLaten. 
tude of the Sun, Moon, or Stars, the refraction 
-muft be fubtraéted from the obferved altitude. 
But the quantity of refraction is not always the The incone 
fame at the fame altitude; becaufe heat diminithes #"cy of 
the Air’s refractive power and denfity, and cold view ioe 
increafes both; and therefore no one table can 
ferve precifely for the fame place at all feafons, 
nor eyen at all times of the fame day ; much. lefs 
for different climates: it having been obferved 
that the horizontal refractions are near a third part 
lefs at the Equator than at Paris, as mentioned by 
Dr. Smirx in the 370th remark on his Optics, 
where the following account is given of an extra- 
ordinary refraction of the Sun-beams by cold. 

** There is a famous obfervation of this kind made 4 very re- 
by fome Hollenders that wintered in Nova Zembla mascbls 
in the year 1 596, who were furprized to find, that Pte, re- 
after a continual night of three months, the Sun" | 
began to rife feventeen days fooner than accord- 

ing to computation, deduced from the Altitude 

of the Pole obferved to be 76°: which cannot 
Otherwife be accounted for, than by an extraor- 

dinary quantity of refraction of the Sun’s rays, 
pafling through the cold denfe air in that climate. 
KrpLeR computes that the Sun was almoft five 
degrees below the Horizon when he firft ap- 
peared ; and confequently the refraction of his rays 

was about nine times oreater than it is with us.” 

184. The Sun and Moon appear of an oval 
figure, as CGD, juft after their rifing, and be- rig. x, 
fore their fetting: the reafon is, that the refraGtian 
being greater in the Horizon than at any diftance 
above it, the lowermoft limb G appears more ele- 
vated than the uppermoft, But although the re- 
fraction fhortens the vertical Diameter FG, it has 
no fenfible effeé&t on the horizontal Diaimeter C Ds 
which is all equally elevated. When the refrac- 
tion is fo imall as to be imperceptible, the Sun 
and Moon appear perfectly round, as 4EBF. 

185. 


®ur imagi- 
nation can- 
not judge 
rightly of ° 
_ the difiance 


. of inaccefli- 


_ ble objects, 


PLATE I, 
Fig. V. 
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~ 185. We daily obferve, that the objects which 
appear moft diftinct are generally thofe which are 
neareft to us; and confequently, when we have 
nothing but our imagination to affift us in eftima- 
ting of diftances, bright objects feem nearer to us 
than thofe which are lefs bright, or than the fame 
objects do when they appear lefs bright and worle 
defined, even though their diftance in both cafes 


be the fame. And if in both cafes they are feen | 


under the fame Angle *, our imagination natu- 
~ rally 


* An Angle is the inclination of two right lines, as JH and 

H, meeting in a point at H; and in defcribing an Angle by 
three letters, the middle letter always denotes the angular 
point: thus, the above lines JH and KH meeting each other 
at H, make the Angle JHK. And the point H is fuppofed to 
be the center of a Circle, the circumference .of which contains 
360 equal parts, called Degrees. A fourth part of a Circle, 
called a Quadrant, as GE, contains go degrees; and every 
Angle is meafured by the number of degrees in the Arc it cuts 


_ Off; as the Angle EAP is 45 degrees, the Angle EHF: 33, &c. 
_and fo the Angle EHF is the fame with the Angle CHW, and 


alfo with the Angle .4HM, becaufe they all cut off the fame 
Arc or portion of the Quadrant EG; and fo likewife the Angle 


. EHF is greater than the Angle CHD or AR4, becaufe it cuts 


off a greater Arc, 7 
The nearer an object is ta the eve, the bigger it appears, 


‘and under the greater Angle is it feen. To iluftrate this a, 


little, fuppofe an Arrowin the pofition JX, perpendicular to the 
right line H4 drawn from the eye at H through the middle of 
the Arrow at O. It is plain that the Arrow 1s feen under the 
Angle JHK, and that HO, which is it’s diftance from the eye, 
divides into halves both the Arrow and the Angle under which 
it is feen; viz. the Arrow into JO OX and the Angle into 


JHO and KHO: and this will be the cafe whatever diftance — 


the Arrow is placed at. Let now three Arrows, all of the fame 
length with 7K, be placed at the diftances fi4, HC, HE, ftill 
perpendicular to, and bifected by the right line 44; then will 


- AB, CD, EF. be each equal to,'and reprefent JO; and 4B 
(the fame as JO) will be feen from /¥ under the Angle 4HB; © 


bat CD (the fame as JO) will be feen under the Angle CHD 
or AHL; and EF the fame as JO) will be feen under the 
Angle EHF, or CHN, or 4HM, Alfo, EF or JO at the dif- 


- tance HE will appear as long as CN would at the diftance HC, 


or as 4M would at the diftancedid4;:and CD or JO at the 
diftance HC will appear as long as 4L would at the diftance 


ade 


RCL - 


: 
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rally fuggefts an idea of a greater diftance between 
us and thofe objeéts which appear fainter and 
worle ‘defined than thofe which appear brighter 
under the fame Angles; efpecially if they be fuch 
objects as we were never near to, and of whofe 
real Magnitudes we can be no judges by fight. 
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186. But, it is not only in judging of the dif- Nor alway 


ferent apparent Magnitudes of the fame objects, 


more or lefs bright, that we may be deceived: for 
‘we may make a wrong conclufion even when we 
view them under equal decrees of brightnels, and 
under equal Angles; ‘although they be objects 
whofe bulks we are generally acquainted with, 
fuch as houfes or trees: for proof of which, the 
two following inftances may fuffice. 8 
Firft, When a houfe is feen over a very broad 
river by a perfon ftanding on low ground, who 
fees nothing of the river, nor knows of it before- 
hand; the breadth of the river being hid from 
him, becaufe the banks feem contiguous, he lofes 
the idea of a diftance equal to that breadth; and 
the houfe feems {mail, becaufe he refers it to a lefs 
diftance than it really is ar. But, if he goes toa 
place from which the river and interjacent ground 
‘can be feen, though no farther from the houft, he 
then perceives the houfe to be at a greater diftance 
than he imagined; and therefore fancies it to be 
bigger than he did at firft; although in both cafes 
it appears under the fame Angle, and confequently 
makes no bieger picture on the retina of his eye 
in the latter cafe than it did in the former. Many 
have been deceived, by taking a red coat of arms, 
fixed ‘upon the iron gate in Clare Hail walks ac 


HA. So that as an object approaches the eye, both it’s Mag- 


of thofe 


which are 


which are better or worfe defined by their being sceffible, 


The reafon 


affigned, 


nitude and the Angle under which it is feen increafe ; and as 


the object recedes, the contrary. 


eke Cambridze, 
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pLate 1, Cambridge, for a brick houfe at a much ereater 


Fig. XII. 


diftance,™. | ; | 
Secondly, In foggy weather, at firft fight, we 
generally imagine a {mall houfe, which is juft at 
hand, to be a great caftle at a diftance; becaufe it 
appears fo dull and ill defined when feen through 
the Mift, that we refer it to a much ereater dif- 
tance than it really is at; and therefore, under the 
fame Angle, we judge it to be much bigger. For, 
the near object FE, teen by the eye ABD, appears. 
under the jame Angle GCH, that the remote ob- 
ject GUT. does:: and the rays GFCN and HECM 
crofling one another at C in the pupil of the eye, 
limit the fize of the picture ZN on the retina j 
which is the picture of the objeét FE, and if FE 
were taken away, would be the picture of the 
obje&t GH, only worfe defined; becaufe GH/, 
being farther off, appears duller and fainter than. 
FE did. But when a Fog, as KL, comes between 
the eye and. the object FE, it appears dull and ill 
defined like GH/; which caufes our imagination 
to refer FE to the greater diftance CH, inftead of 
the fmall diftance CE which it really is at. And 
confequently, as mil-judging the diftance does not 
in the leaft diminith. the Angle under which. the 
object appears, the {mall hay-rick FE feems to be 
was big as GH. : : 


*''The fields which are beyond the gate rife gradually till 
: they are juft feen over it; and the arms, being red, are often 
miftaken for a houfe at a confiderable diftance in thofe fields. — 
I once met with a curious deception in a gentleman’s garden 


at Hackney, occafioned by a large pane of glafsin the garden- 


wall at fome diflance from his houfe, The glafs (through’ 
which the fields and fky were diftinétly feen) reflected a very 
faint image of the houfe; but the image feemed to be in the 
Clouds near the Horizon, and at that diftance looked as if it’ 
were a huge caftle in the Air. Yet, the Angle under which 


the image appeared, was equal to that under which the henfe 


was feen: but the image being mentally referred to a much 
greater diftance than the houfe, appeared much bigger to the 


imagination. ; 
| 187. The 


/ 


Horizontal Moon explained. : 99 


187. The Sun and Moon appear bigger in, the PLATE 11, 

Horizon than at any confiderable height above it. "* 
Thefe Luminaries, although at great diftances 
from the Earth, appear floating, as it were, on the 
furface of our Atmofphere HGFfeC, a little way 
beyond the Clouds; of which, thofe about F', Why the 
dire@tly over our heads at /, are nearer us than apap 
thofe about H or ein the Horizon HEe. | There- pear bigget 
fore, when the Sun or Moon appear in the Hori- atin 8 
zon at ¢, they are not only fceen in a part of the 
Sky which is really farther from us than if. they 
were at any confiderable Altitude, as about f; but 
they are alfo feen through a greater quantity of, 
Air and Vapours at ethan at f. Here we have 
two concurring appearances which deceive our 
imagination, and caufe us to refer the Sun and 
Moon to a greater diftance at their rifing or fet- 
ting about e, than when they are contiderably 
high, as at f: firft, their feeming to be on a part 
of the Atmofphere at e, which is really farther 
than f from a pear" at #; and fecondly, their 
being feen through a erofler medium when at e 
than when at f; which, by rendering them dim- 
mer, caufes us to imagine them to be at a yet 
Breater diftance. And as, in both cafes, they are 
feen * much under the fame Angle, we naturally 
judge them to be biggeft when they feem fartheft 
from us; like the above-mentioned houfe, § 186, 
feen from a higher ground, which fhewed it to 
be farther off than it appeared from low ground, 
or the hay-rick, which appeared at a greater dif- 
tance by means of an interpofing Fog. 

188, Any one may fatisfy himfelf that the Moon Their ap- 
appears under no greater Angle in the Horizo Tage ong 
than on the Meridian, by taking a large fheet of not lefs on 
paper, and rolling it up in the form of a Tube, Me" 


dian than in 
of fuch a width, that obfer ving the Moon through ate Hori- 


* The Sun and Moon fubtend a greater Angle on the Meri- 
dian than i in the Horizon, being nearer the Obferver’s Place in . 
the former cafe than in the latter. 


Biz H 2 it 


100 


Phenomenon by a common Quadrant, nor know 
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it when fhe rifes, fhe may, as it were, juft fill the 
Tube; then tie a thread round it to keep it of 
that fize; and when the Moon comes to the Meri- 
dian, and appears much lefs to the eye, look at 
her again through the fame Tube, and fhe will 
fill. it’ juft as much, if not more, than fhe did at 
her rifing. 


“189. When the full Moon is in perigee, or at 3 
her leaft diftance from the Earth, fhe is feen under © 


a larger Angle, and muft therefore appear bigger 
than when fhe is Full at other times: and if that. 
pare of the Atmofphere where fhe rifes be more 
replete with Vapours than ufual, fhe appears fo. 
much the dimmer; and therefore we fancy her to 
be fill the bigger, by referring her to an unufually 
great diftance ; knowing that no objects which 
are very far diftant can appear big unlefs they be 
really fo. hae 
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The Method of finding the ances of the Sun, ‘ 


Moon, and Planets. . 


190. FAHOSE, who have not leatnt how to 
take the * Altitude of any Celeftial 


any : 


; ‘ US a 
_  -* The Altitude of any eeleftial Phenomenon 1s amare of the © 
Sky intercepted between the Horizon and the Phenomenon. fab 


- 


Fig. VI. of Plate Ll, let HOX be a horizontal line, fuppofed 


to be extended from the eve at 4 to X, where the Sky and . 


Earth feem to meet at the end of a long and level plain; and 
let be the Sun. The arc XY will be the Sun’s height above — 


the Herizoa at X, and is found by the inftrument ECD, which, — 


js a quadrantal board, or plate of metal, divided into go equal — 


= 


parts or degrees on it’s limb DPC; and has a couple of little — 
brafs plates, 23 @ and 4, with a fmall hole in each of them, — 


called'Sight-Holes, for looking through, parallel ta the edge of 
the Quadrant whereon they ftand. To the center E is fixed © 
one endof a thread F, called he Plamb- Line, which has a {mall — 


weight or plummet P fixed to its other end. “Now, if an ob- 


ferver holds the Quadrant upright, without inclining it to 


either 
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any thing of Plain Trigonometry, may pafs over PLaTE 
the firft Article of this fhort Chapter, andtake the 'Y: 
Afttronomer’s word for it, that the diftances. of the 
Sun and Planets are as ftated in the firft Chapter 
of this Book. But, to every one who knows how 
to take the Altitude of the Sun, the Moon, or a 
Star, and can folve a plain right-angled Triangle, 
the following method of finding the diftances of | 
the Sun and Moon will be eafily underitood. 

Let BAG be one half of the Earth, JC it’s Fig. 1. 
femi-diameter, § the Sun, m the Moon, and ZKOL 
a quarter of the Circle defcribed by the Moon in 
revolving from the Meridian to the Meridian 
again. Let CRS be the rational Horizon. of an 
obferver at 4, extended to the Sun in the Hea- 
yens; and Hdd his fenfible Horizon, extended to 
the Moon’s Orbit. ALC is the angle under which 
the Earth’s femi-diameter 4C is feen from the 
Moon at ZL, which is equal to the Angle OAL, 
becaufe the right lines ZO and CL which include 
both thefe Angles are parallel. .4SC is the Angle 


\ 


either fide, and fo that the Horizon at X is feen through the 
fight-holes a and 4. the plumb-line will cut or hang over the 
beginning of the degrees at 0, in the edge 2C; butif he ele- 
vates the Quadrant fo as to look through the fight-holes at any 
part.of the Heavens, fuppofe to the Sun at $; juft fo many de- 
rees as he elevates the fight-hole 4 above the horizontal line 
#OX, fo many degrees will the plumb-line cut im the limb 
CP of the Quadrant, For, let the obferver’s eye at 4 be in 
the center of the celeftial Arc XYV (and he may be faid to be 
in the center of the Sun’s apparent diurnal Orbit, let him be 
on what part of the Earth he will) in which Arc the Sun is 
at that time, fuppofe 25 degrees high, and let the obferver 
hold the Quadrant fo that he may fee the Sun through the 
fight-holes; the plumb-line freely playmg on the Quadrant 
will cut the 25th degree in the limb CP, equal to the number 
of degrees of the Sun’s Altitude at the time of obfervation. 
N. B. Whoever looks at the Sun, muft have a fmoked glafs 
before his eyes to fave them from hurt. The better way 1s 
not to look at the Sun through the fight-holes, but to hold the 
Quadrant facing the eye, at a little diftance, and fo that the 
Sun fhining through one hole, the ray may be feen to fall on 
the other. 
H 3 under 
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under which the Earth’s femi-diameter JC is feen 
from the Sun at S, and is equal to the Angle O4f, 


-becaufe the lines 4O and CKS are parallel. Now, 


it is found by obfervation, that the Angle OAL is “| 


much greater’ than the Angle Of; but OAL is 
equal to ALC, and Of is ‘equal to 4SC. Now, 
as ASC is much lefs than ALC, it proves that the 
Earth’s femi-diameter 4C appears much greater as 
feen from the Moon at Z, than from hacodbeiey at 


_§S; and therefore the Earth is much farther from 


the Sun than from the Moon*. _ The Quantities 
of thefe Angles are determined by oblervation in 
the following manner. 

- Let a graduated inftrument, as DAE (the.larger 
the better) having a moveable Index with Sight- 
holes, be fixed in fuch a manner, ,that it’s. plane 
furface may be parallel to the Plane of the Equa- 
tor, and it’s edge 4D in the Meridian: fo that 
when the Moon 1s in the Equinoétial, and on the 


Meridian /DE, fhe may be {een through the fight- 


holes when the edge of the moveable index cuts 
the beginning of the divifions at o, on the gradu- 
ated limb DE; and when fhe is fo feen, let the 
precife time be noted. Now, as the Moon revolves 
about the Earth from the Meridian to the Meri- 
dian again in 24 hours 48 minutes, fhe will goa 
fourth | part round it in a fourth part of that time, 
viz. in 6 hours 12 minutes, as feen from C, that 
as, from the Earth’s center or Pole. But as feen 
fiom A, the.obferver’s place on the Earth’s fur- 
face, the Moon will feem to have gone a quarter 
round the Earth when fhe comes to the fenfible 
Horizon at O; for the Index through the fights 
of which fhe is then viewed will be at d, go de- 


grees from D, where it was when fhe was feen at 


£. Now, let the exaét moment when the Moon 
is feen at O (which will be when fhe is in or near 


* See the Note on § 185. 
ee Ree ae the 
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the fenfible Horizon) be carefully noted *, that 
it may be known in what time fhe has gone from 
E to O; which time fubtra¢cted from 6 hours 12 
minutes (the time of her going from E to L) leaves 
the time of her going from O to L, and affords an 
eafy method for finding the Angle OL (called 
the Moon’s horizontal Parallax, which is equal to 
the Angle ALC) by the following Analogy: As 

the time of the Moon’s defcribing the Arc ZO is 
to go degrees, fo is 6 hours 12 minutes to the 
degrees of the Arc DdE, which meafures the Angle 
EAL, from which fubtrac go degrees, and there 
remains the Angle OAL, equal to the Angle ALC, 
under which the Earth’s femi-diameter JC is feen 
from the Moon. Now, fince all the Angles of a 
right-lined Triangle are equal to 180 degrees, or 
to two right Angies, and the fides of a Triangle 
are always proportional to the Sines of the oppo- 
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The Moon’s 
horizontal 
Parallax, 
what. 


fite Angles, fay, by the Rule of Three, as the Sine The Moon's 


of the Angle 4LC at the Moon ZL is to it’s oppo- 
fite fide AC, the Earth’s femi-diameter, which is 
known to be 3985 miles, fo is Radius, v7z. the 
Sine of 90 degrees, or of the right Angle ACL, 
to it’s oppofite fide AL, which is the Moon’s dif- 
tance at L from the obferver’s place at # on the 
Earth’s furface; or, fo is the Sine of the Angle 
CAL to it’s oppofite fide CL, which is the Moon’s 
diftance from the Earth’s center, and comes out 
at a mean rate to be 240,000 miles. The Angle 
CAL is equal to what O7L wants of go degrees. 


diftance de- 
termined. 


191. The Sun’s diftance from the Earth 1s The sun's 


found the fame way, but with much greater dif- 


diftance 
cannot be 


ficulty; becaufe his horizontal Parallax, or the yer fo exatt- 


Angle O.4S equal to the Angle SC, is fo fmall, as 


ly deter- 
mined as 


to be hardly perceptible, being only 10. feconds the Moon’s, 


of a minute, er the 360th part of adegree. But 


* Here proper allowance muft be made for the Refraction, 
which being about 34 minutes of a degree in the Horizon, will 
caufe the Moon’s center to appear 34 minutes above the Hori- 
zon when her center is really in it. 


H 4 the 
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the Moon’s horizontal Parallax, or Angle OAL 


equal to the Angle ALC, is very difcernibie, being | 


BT aS or 3469” at it’s mean ftate; which 1s 
miore than 340 times as-great as the Sun’s? and 
therefore, the diftances of the heavenly bodies 
being inverfely as the Tangents of their horizontal 
Parallaxes, the Sun’s diftance from the Earth is 
at leaft 240 times as great as the Moon’s; and is 


rather under-rated at 81 millions of miles, when — 


the Moon’s diftance is certainly known to be 240 
thoufand. - But becaufe, according to fome Aftro- 
nomers, the Sun’s horizontal Parallax is 11 fe- 
conds, and according to others only 10, the former 
Parallax making the Sun’s diftance to be about 
75,000,000 of miles, and the latter 82,000,0003 
we may take it for granted, that the Sun’s diftance 
jbortotr lets: thansas) deld ibod: fewion the former, nor 
more than as fhewn by the latter: and every one 


who is accuftomed to make fuch obfervations,. 


knows how hard itis, if not impoffible, to avoid 
-an error of a fecond; efpecially on account of the 
inconftancy of Wcaiaaciiad Refraétions. And here, 
the error of one fecond, in fo {mall an Angle; will 
make an error of 7 millions of miles in fo great 
a diftance as that of the Sun’s.. But Dr. Hauuey 
has fhewn us how the Sun’s diftance from the 
Earth, and confequently the diftances of all the 
Planets from. the Sun, may be known to within 
a sooth part of the whole, by a Tranfit of Venus 


How near Over the Stin’s Dic, wiltick will happen on the 6th 
thetruth it 


may soon be OL ‘Fane, in the year 2761; till which time we “} 


determined, rmuft content ourfélves with allowing the Sun’s 
diftance to be about 81 millions of miles, as com- 
monly ftated by Aftronomers. 

192. The Sun and Moon appear much abiont 
the fame bulk: And every one who underftands 
Geometry, knows how their true bulks may be 

vevesinte Heduced from the apparent, when their real dif- 
much bigger TANCES are KNOWN. Spheres are to one another as 
Mat the Cubes of their Diameters; whence, if the Sun 

| ". 
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be 81 millions of miles from the Earth, to appear 
as big as the Moon, whote diftance does not ex- 
ceed 240 thoufand miles, he muft, in folid bulk, 
be 42 millions 875 thoufand times as big as the 
Moon. 

193. The horizontal Pardllaxed ate beft obferved 
at the Equator ; iy ave the heat 1s fo nearly 
equal every day, that the Refractions are almoft 
conftantly the jiame. 2. Becaufe the parallactic 
Angle is greater there, as at / (the diftance from 
thence to the Eurth’s Axis being Bere) than 
upon any parallel of Latitude, as aor 3, 


§ 
1 


194. The Earth’s diftance from the Sun being Therelative 
determined, the diftances of all the other Planets capes reat 
‘from him are eafily found by the following ana- from the 
logy, their periods round him being afcertained }°"",, 


by obfervation. As the fquare of the E’arth’s great preci- 
period round the Sun is to the cube of it’s diftance Et 
from him, fo is the fquare of the period of any sitancesare 
other Planet to the cube of it’s diftance, in fuch i 
parts or meafures as the Earth’s diftance was taken; 

fee § 111.° This proportion gives us the relative 

mean diftances of the Planets from the Sun to the 
greateft degree of exactnefs ; and they are as fol- 

lows, having been deduced from their periodical 

times, according to the law juft mentioned, which 

was difcovered by KEPLER, and demionftrracd by 


Sir Isaac NewTon. 


Periggical 
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Periodical Revolution to the fame fixed Star in days and deci- 
} mal parts of a day. 128 
Mercury . Venus’ The Earth Mars Jupiter © . Saturn 
87-9992 224.6176 365.2564) 686.9785 4332.514 107 59.275 
Relative mean diftances from the Sun. 

48710) gf. 72492. Mh tOgoOS 152369 520096 954006 
from thefe numbers we deduce, that if the Suns horizontal Parallax be 10’, 
the real mean diffances of the Planets from the Suz in Englifo miles are 
315742,200 — 59,313,060 82,000,000 124,942,580 426,478,720 732,234,920 
But if the Sun’s Parallax be 11’, their difances are no more than 
2930325500 54,238,570 75,000,C00 12452765750 390,034,500 745,504,500 


Errors in diftance arifing from the miftake of i’ in the Sun’s Parallax. 
2,709,700 5,074,490 7,000,0¢0 10,665,330 36,444,220 66,730,420 


Bat, from the-late Tranfit of Venus, A.D. 1761, the Sun’s Parallax ap- 


pears to b¢ only 8 £.2; and according to that, their real diftances iz 
miles are 4 


36,068,373 68,518.044 94,725,840 144,588,575 492,665,307 903,690,197- 


195. Thefe numbers thew, that although we 
have the relative diftances of the Planets from the 
Sun to the greateft nicety, yet the beft obfervers 
could not afcertain their true diftances, until the 
Jace long wifhed-for Tranfit appeared, which we 
muft confefs was embarraffed with feveral difficul- 
ties, But there will be another Tranfit of Venus 
over the Sun on the third of Fume, 1769, much 
better fuited to this great Problem.—We with the 
Sky may be clear at all Places of obfervation (none 
of which can well be in Exgland)-fince there will 


not be fuch an opportunity again in lefs than 105 
years afterward, | 


196. The Earth’s Axis produced to the Stars, 


being carried * parallel to itfelf during the Earth’s 
annual revolution, defcribes a circle in the Sphere 
of the fixed Stars equal to the Orbit of the Earth. 


he. But this Orbit, though very large, would feem no © 
beftial Poles . ; 


feemtokeep DIZZer than a point if it were viewed from the 
Mls Stars ;.and confequently, the circle defcribed in 
ame points 


of the Hea- * By this is meant, that if a line be fuppofed to be drawn 
vo tagg. Parallel to the Earth’s Axis in any part of it’s Orbit, the Axis 
‘ae pi keeps parallel to that line in every other part of it’s Orbit: as 
ing the Rel ane ; 
i avhliNe bie ae Fig. LOT Plate V ; where abcdefgh reprefents the Earth’s 
tion round . Orbit inan oblique view, and Ns the Earth’ 


the Sun, ways parallel to the line MN. 


6 the 


s Axis keeping al- — 


' ~ 


The amazing Velocity of Light. 


the Sphere of the Stars by the Axis of the Earth 
produced, if viewed from the Earth, muft appear 
but as a point; that is, it’s diameter appears too 
little to be meafured by obfervation: for Dr. 
Brapcey has affured us, that if it had amounted 
to a fingle fecond, or two at moft, he fhould have 
perceived it in the great number of obfervations he 
has made, efpecially upon y Dreagonis; and that it 
feemed to him very probable that the annual Pa- 
rallax of this Star is not fo great as a fingle fecond ; 
and confequently, that it is above 400 thoufand 
times farther from us than the Sun. Hence the 
celeftial poles feem to continue in the fame points 
of the Heavens throughout the year; which by 
no means difproves the Earth’s annual motion, but 
plainly proves the diftance of the Stars to be ex- 
ceeding great. 
197. The fmall apparent motion of the Stars, 
§ 113, difcovered by that great Aftronomer, he 
found to be no ways owing to their annual Parallax 
‘for it came out contrary thereto) but to the Aber- 
ration of their light, which can refult from no 
known caufe befides that of the Earth’s annual 
motion ; and as it agrees fo exactly therewith, it 
proves beyond difpute that the Earth has fuch a 
motion: for this Aberration compleats all it’s va- 
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rious Phenomena every year; and proves that the The amaz- 
; ; : A 5 . : ing velocity 
velocity of ftar-light is fuch as carries it through a ¢fiicht, 


Snr : 
fpace equal to the Sun’s diftance from us in 8 


_ minutes 13 feconds of time. Hence, the velocity 
of Light is * 10 thoufand 210 times as great as the 
Farth’s velocity in it’s Orbit ; which velocity (from 
what we know already of the Earth’s diftance from 
the Sun) may be afferted to be at leaft between 57 
and 58 thoufand miles every hour: and fuppofing 
it to be 58000, this number multiplied by the 
10210, gives 592 million 180 thoufand miles for 
the hourly motion of Light: which laft number 
divided by 3600, the number of feconds in an 
hour, fhews that Light flies at the rate of more 
| * Smira’s Optics § 1197 
eho Tah eee than 


168 
arent, 


Cireles of 
the Sphere. 


Fig, I. 


Fquater, 
‘Tropics, 
Polar Cir. 
cles, and 
Poles. 


Ba. iI, 


Fart h?s 
Axis, 
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than 164 thoufand miles every fecond of time, or 
{wing of a common clock pendulum. 
gig 9p 0 a Dee 


The Civeles of the Globe. ds/evubdl The different 
lengths of days aud nights, and the viciffitudes of 
feafons, explained. The explanation of the Pheno- 
mena of Satsirn’s Ring concluded. (See § 1 and 82.) 


198. YF the reader be Richeto unacquainted ith 


4 


the principal circles of the Globe, he fhould ; 


now learn te know them; which he may do fuffi+ 
ciently for his prefene purpofe in a quarter of an 
hour, if he fets the bal! of a terreftrial Globe be- 


fore him, or looks at the Ficure of it, whereift 


ap) 
thefe circles are drawn and named. The Equator is 


that great circle which divides the northern half of 
the Barth from the fouthern. The Tropics are lefler 
circles parallel to the Equator, and each of them is 
23% degrees from it; a degree in this fenfe being 
the 360th part of any great circle which divides 
the Earth into two equal parts. The Tropic of 
Cancer lies on the north fide of the Equator, and 
the Tropic of Capricorn on the fouth. The Aréfic 
Circle has the North Pole for it’s center, and is 


juft as far from the north Pole as the Tropics — 
are from the Equator: and the Antaréic Circle (hid 


by the fuppofed convexity of the Figure) is juft as 


far from the South Pole, every way round it. Thefe — 


Poles are the very north and fouth points of the 
Globe : and all other places are denominated north- 


ward or fouthward, according to the fide of the — 


Equator they lie on, and the Pole to which they | 


are neéareft. The Earth’s Axis is a ftraight line 


affing through the center of the Earth, perpen- 
| dicular to the Equator, and terminating in the Poles 


‘at it’s furface. This, in the real Earth and Pla- 


nets, is: only an imaginary lines but in artificial : 
Globes or Planets it is a wite by which they are 


fupported, 
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fapported, and turned round in Orreries, or fach PLatE 
like machines, by wheel-work. The circles 12, 1% 
y. 2. 3. 4,€5c. are Meridians to all places they meridians, 
pats through; and we muft fuppofe thoufands 
more to be drawn, becaufe every place that is ever 
fo little to the eaft or weft of any other place, has 
a different Meridian from that other place. All 
the Meridians meet in the Poles; and whenever 
the Sun’s center is paffing over any Meridian, in 
his apparent motion round the Earth, it is mid-day 
er noon to all places on that Meridian. 

199. The broad Space lying. between the Tro- 
’ pics, like a girdle furrounding the Globe, is called 
the torrid Zone, of which the Equator is in the nud- Zones. 
dle, all around. The Space between. the Tropic of | 
Cancer and Arctic Circle is called. the North. tem- 
perate Zone. That between the Tropic of Capri- 
corn and the Antarctic Circle, the South temperate 
Zone. And the two circelar Spaces bounded by the 
Polar Circles are the two Frigid Zones; denomi- 
nated north or fouth, from that Pole which is in the 
’ center of the one or the other of them. 


_ 200. Having acquired this eafy branch of know- 

ledge, the learner may proceed to make the fol- 

lowing experiment with his terreftrial ball, which 

will give him a plain idea of the diurnal, and an- 
nual motions of the Earth, together with the dit- 
ferent leneths of days and nights, and all the 
beautiful variety of ieafons, depending on thoie 
motions. ye 

- Take about feven feet of {trong wire, and bend Fig. 10. 
‘ae 4 : : . A pleafang 
it into a circular form, as abcd, which being NGC BEG experiment, 
obliquely, appears elliptical as in the Figure. peatiset = 
Place a lighted candle ona table, and having fixed tengths of 
one end of a filk thread K, to the north pole of a edie 
{mall terreftrial Globe H7, about three inches dia- the variety 
meter, caufe another perfon to hold the- wire of fealons, 
circle, fo that it may be parallel to the table, and 
_as high as the flame of the candle /, which thould 
yt . 2 be 
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be in or near the center. Then, having twifted: 
the thread as towards the left hand, that by un- 
twifting it may turn the Globe round eaftward, or 
contrary to the way that the hands of a watch 
move ; hang the Globe by the thread within this 
circle, almoft contiguous to it; and asthe thread 
untwifts, the Globe (which is enlightened half 
round by the candle as the Earth is by the Sun) 
will turn round it’s Axis, and the different places 
upon it will be carried through the light and dark 
Hemifpheres, and have the appearance of a regular 
fucceffion of days and nights, as our Earth has in 
reality by {uch a motion. As the Globe turns, | 
move your ‘hand flowly, fo as to carry the Globe 
round the candle according to the order of the 
letters abcd, keeping it’s center even with the wire 
circle; and you will perceive, that the candle. 
being {till perpendicular to the Equator, will en- 
lighten the Globe from pole to pole in it’s whole 
motion round the circle; and that every place on 
the Globe goes equally through the light and the 
dark, as it turns round by the untwifting of the 
thread, and therefore has a perpetual Equinox. 
The Globe thus turning round reprefents the 
Farth turning round it’s Axis; and the motion of 
the Globe round the candle reprefents the Earth’s 
annual motion round the Sun, and fhews, that if 
the Earth’s Orbit had no inclination to it’s Axis, 
all the days and nights of the year would be equally 


long,’ and there would be no different feafons. 


But now, defire the perfon who holds the wire to 
hold it obliquely in the pofition ABCD, raifing — 
the fide ss juft as much as he deprefles the fide 

ye, that the flame may be {till in the plane of the ~ 
circle ; and twiftine the thread as before, that the 
Globe may turn round it’s Axis the fame way as 
you carry it round the candle; that is, from weft 
to eaft, let the Globe down into the lowermoft 
part of the wire circle at w, and if the circle be 
properly inclined, the candle will fhine perpendi- 
| cularly © 
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cularly on the Tropic of Cancer, and the /Pigid summer 
Zone, lying within the aréic or uerth polar Ciréle, 
will be all in the light, as in the Figure; and will 
Keep in the light let the Globe turn round it’s 
Axis ever fo often. From the Equator to. the 
north polar Circle all the places have longer days 
and fhorter nights; but from the Equator to the 
-fouth polar Circle juft the reverfe.. The Sun does 
mot fet to any .part of thé north frigid Zone, as 
fhewn by the candle’s fhining on it, fo that the 
motion of the Globe can carry no place of that 
Zone into the dark: and at the fame time the 
fouth frigid Zone is involved in darknefs, and the 
turning of the Globe brings none of. it’s places 
into the light... If. the Earth were. to continue in 
_ the like part of it’s Orbit, the Sun would never 
fet to the inhabitants of the north frigid Zone, nor 
rife to thofe of the fouth, At the Equator it 
would be always equal day and night; and as 
places are gradually more and more diftant from 
the Equator, towards the arctic Circle, they would 
have longer days and fhorter nights, whilit thet 
on the fouth fide of the Equator would have their 
mights longer than their days. In: this cafe. there 
swould be continual fummer on the north fide of 
the Equator, and continual winter on the fouth 
fide of it. 

But as the Globe turns round it’s Axis, move. 
your hand flowly forward, fo as to. carry the Globe 
from H towards. £, and the boundary of light and 
darknefs will approach towards the north Pole, 
and recede towards the fouth Pole; the northera 
places will go through lefs and lefs of the light, 
and the fouthern places through more and more 
of it; fhewing how the northern days decreafe in 
length, and the fouthern days increafe, whilft the 
Globe proceeds from H to £. When the Globe Avtsmnal 
is at H, it is at a mean ftate between the loweft *"* 
and higheft parts of it’s Orbit; the candle is di- 
-tectly over the Equator, the boundary of lighe 

‘ and 
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and datknefs juft reaches to both the Poles, and 
all plates on the Globe go equally through the 
light and dark Hemifpheres, fhewing that the 
days and nights are then equal at all places of the 
Earth, the Poles only excepted; for the Sun is 
then fetting to the north Pole, and rifing to the 
fouth Pole. : tes 
Continue moving the Globe forward, and as it 
goes through the quarter 4, the north Pole recedes 
till farther into the dark Hemifphere, and the 
fouth Pole advances more into the light, as the 
Globe comes neater to os : and when it- comes 
there at F, the candle is directly over the Tropic 
of Capricorn, the days are at the fhorteft, and 
nights at the longeft, in the northern Hemifphere, 

; all the way from the Equator to the ar&ic Circle; 
Winter Sol and the reverfe in the fouthern Hemifphere from 
the Equator to the antarétic Circle; within which 
Circles it is dark to the north frigid Zone, and 

light to the fouth. | Pde: 

Continue both motions, and as the Globe moves 
through the quarter B, the north Pole advances 
towards the light, and the fouth Pole recedes to- 
wards the dark ; the days lengthen in the northern 
Hemifphere, and fhorten in the fouthern; and 
when the Globe comes to G, the candle will be 
again over the Equator (as when the Globe was 
at E) and the days and nights will again be equal 
as formerly: and the north Pole will be juft 


hg coming into the light, the fouth Pole going out 
quinox. B : 
of it. 


Thus we fee the reafon why the days lengthen 
and fhorten from the Equator to the polar Circles 
every year; why there is fometimes no day or night 
for many turnings of the Earth, within the polar 
Circles ; why there is but one day and one night 
in the whole year-at the Poles; and why the days 
and nights are equally long all the year round | 

: the 
8 
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the Equator, which is always equally cut by the pLare 
1v, 


circle bounding light and darkneis, 


201. The inclination. of an Axis or Orbit is Remark. 
merely relative, becaule we compare it with fome — 
_ other Axis or Orbit which we confide as not in- | 
clined at all. Thus, our Horizon being level to 
us, whatever place of the Earth we are upon, we » 
confider it as having no inclination; and yet, if 
we travel go degrees from that place, we fhall then Fig. 111, 
have an Horizon perpendicular to the former; 
but it will ftill be level to us. And, if this Book 
be held fo that the * Circle 4BCD be parallel to 
the Horizon, both the Circle abcd, and the Thread 
or Axis K, will be inclined to it. But if the 
Book or Plate be held, fo that the Thread be per- 
pendicular to. the Horizon, then the Orbit ABCD © 
will be inclined to the Thread, and the Orbit abcd 
Perpepeicular to it, and parallel to the Horizon. 

e generally confider the Earth’s annual Orbit 
as having no inclination, and the Orbits of all the 
other Planets as inclined to it, § 20. 


202. Let us now take a view of the Earth in 

it’s annual courfe round the Sun, ‘confidering it’s 
Orbit as having no inclination; and it’s Axis as 
inclining 234 degrees from a line perpendicular to: 
the plane of it’s Orbit, arid keeping the fame ob- 
lique direction in all parts of it’s annual courfe; 
or, as commonly termed, keeping always parallel 
to itfelf, § 196. | 

Let 2,,¢,d,¢,f,g, be the Earth in eight different bratz v. 
parts of it’s Orbit, equidiftant from one another ; Fie} 
Ns it’s Axis, JV it’s north Pole, 5 it’s fouth Pole, 


* All Circles appear Ellipfes in an oblique view, as is evi- 
gent by lookiny obliquely at the rimof a bafon. For the true 
figure of a Circle can only be feen when the eye is directly over 
it’s center. The more obliquely it is viewed, the more ’ellip- 
| tical ix appears; until the eye be in the fame plane with it, 
and then it appears like a ftraight line. . 

| “gia and 
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and S-the Sun nearly in the center of the Earth’s 
Orbit, § 18. As the Earth goes round the Sen 
according to the order of the ‘letters abed, &c. it’s 


. Axis. Ns keeps the fame obliquity, © and ‘is’ ftill 


A concife 
view of the 
feafons, 


parallel to the line MNs. When the Earth is at 
a, its north Pole inclines towards the Sun S, and 


brings all the northern places more into the light 


The feafons 
fhewn in 
znother 
¥iew of the » 
Farth, and 
ia’s Orbit. | 


‘than at any other time of the year. » Bur when the © 


Earth is at e in the oppofite time of the year, the 
north Pole declines from the Sun, which occafions 
the northern places to be more in the dark than in 
the light; and the reverfe at the fouthern places, 
as 1S evident by the Figure, which I have taken 
from Dr. Lono’s Aftronomy. When the Earth 
is either at ¢ or g, it’s Axis inclines not either té 
or from the Sun, but lies fidewife to him; and — 
then the Poles are in the boundary’ of’ light and 
darknefs; and the Sun, being direétly over the — 
Equator, makes equal day and night at all places, — 
When the Earth is ‘at’2, it is half way between 
the Summier Solftice and Harveft F quinox ; when 
it is at d, it is half way from the Hi arvelt Equinox 
to the Winter Solftice; at f[ half way from the 
Winter Solftice to the Spring: Equinox’; andeat A, 
half way from the- fe sabe ape oe? bb ‘Suin- 
mer Solftice. : 
203. From this abineaie: view of: the ‘Batth's 
Orbit, let us‘fuppofe ourfelves to be railedfar above 
It, and placed: jut over it’s Center 8, looking down — 
upon it ‘from@ir’s north Pole; 'and@s' ‘the Barth's — 
Orbit differs but very little from a‘Oircle, we *thall 
have it’s figure in fuch?a view reprefented by the 
Circle 4PCDEFGH. Let us fuppofe this Circle 
to be divided into-r2 ‘equal parts, called “Signs, 
having their names affixed to eHeAN and each 
Sign into 30 equal parts, called Devrees, numbered 
10,,205. 30, as In He outermoft Circle, of the 


Figure, which reprefents the great Ecliptic in the 


Heavens. The Earth is fhewn in eight: different 
pofitions i in this Circle, and 3 in-each pofition Lp aGB 
6 the. 
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the Equator, Z the Tropic of Cancer, the dotted 
Circle the parallel of London, U the arctic or north 
polar Circle, and P the north Pole, where all the 
Meridians or Hour-Circles meet, § 198. As the 
Earth goes round the Sun, the north Pole keeps 
_conf{tantly towards one part of the Heavens, as it 
keeps in the Figure towards the right hand fide of 
the Plate. . 
When the Earth is at the beginning of Libra, 
namely on the 20th of March, in this “Figure (as 
at g in Fig. J.) the Sun § as feen from the Earth 
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appears at the beginning of Aries in the oppofite Vernal 
part of the Heavens *, the north Pole is juft Faviv 


coming into the light, and the Sun is vertical to 


the Equator; which, Fogsthet with the Tropic of 


Cancer, parallel of a om, and arctic Circle, are 
all equally cur by the Circle bounding light and 
darknefs, coinciding with the fix o’clock hour 
Circle, and therefore the days and nights are 
equally Jong at all places: for every part of the 
Meridian 4:7 La comes into the light at fix in the 

orning, and revolving with the Earth according 
to. the order of the haute lertets. goes into the dark 
at.fix in the evening. ‘There are 24 Meridians or 
Hour-Circles drawn on the Earth in this Figure, to 
fhew the time of Sun-rifing and fetting at different 
Seafons of the Year. 

_As the: Earth moves in the Ecliptic according 
to the. order of the letters ABCD, &c. throu oh 
the Signs Libra, Scorpio, and Sagittarius, the 
north Pole comes more and more into the light ; 

e days increafe as the nights decreafe in le noth, 


at all places north of the Eguator 4 ; which is | 


plain by viewing the Earth at 4 on the 5th of May, 
when it is in the 15th degree of Scorpio 7, and 


_* Here we muft fuppofe the Sun to be no bigger than an or- 
dinary point (as .) becaufe he only coyers a Circle half a de- 
ree in diameter in the Heavens; whereas in the Figure he 
hides a whole fign at once from the Barth, 
+ Here'we'muft fuppofe the Earth to be a much fmaller 
point than that in the semi he note marked for the Sun. f 
- ee: 2 , tne 
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pLaTEV, the Sun as feen from the Earth appears in the 


Fig. II, 


Summer 
Solftice, 


Autumnal 
Eqvinox, 


isth degree of Taurus. For then, the Tropic of 


Cancer Y is in the light from a little after five in 
the morning till almoft feven in the evening; the 
parallel of London from half an hour paft four till 
half an hour paft feven; the polar Circle U from 
three till nine ; and a large track round the north 
Pole P -has day .all.the 24 hours, for many rota- 
tions of the Earth on it’s Axis, 


When the Earth comes to c, at the beginning 


of Capricorn, and the Sun as feen from the Earth _ 


appears at the beginning of Cancer, on the a1ft 
of Fune, asin this Figure, it is in the -pofition a 


in Fig. 1; and it’s north Pole inclines towards.the — 


Sun, fo as to bring all the north frigid Zone into 


the light, and the northern parallels of Latitude § 


more into the light than the dark from the Equa- 
tor to the polar Circle; and the more fo as they 


are farther from the Equator.’ The Tropic of © 


Cancer is in the light from five in the morning. 


till feven at night, the parallel of London from’a 
quarter before four till a quarter after eight; and 
the polar Circle juft touches the dark, fo that the 
Sun has only the lower half of his Dife hid from 
the inhabitants on that Circle for a few minutes 
about midnight, fuppofing no inequalities in the 
Horizon, and no Refraétions. | 

A bare view of the Figure is enough to fhew, 


that as the Earth advances from Capricorn towards — 


towards Libra, the north Pole recedes towards the 


dark, which caufes the days to decreafe, and the ( 


nights to increafe in length, till the Earth comes 


. Aries, and the Sun appears to move from Cancer — 


to the beginning of Aries, and then they are equal — 


as before; for the boundary of light and darknefs 


cuts the Equator and all it’s parallels equally, or 


in halves. The north pole then goes into the 
dark, and continues therein until the Earth goes 
half way round it’s Orbit; or, fromthe 23d of 


September till the 20th of Adarsh. In the. middle — 
8. ie, 


between — 
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Of the different Seafons.' 


between thefe times, viz. on the 22d of December, 
the north Pole is as far as it‘can be in the dark, 
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which is 23+ degrees, equal to the inclination of Winter Sol. 
€» 


the Earth’s Axis from. a perpendicular to it’s 
Orbit: and then, the ‘northern parallelsare -as 
much in the dark as they were in the light on the 
2ift of Fuse; the winter nights being as long as 
the fummer days, and the winter days as*fhort as 
the fummer nights. [t is needlefS to enlarge far- 
ther on this fubject, as we fhall have’ occafion to 
mention the feafons again in’ defcribing the Orrery, 
§ 439. Only this muft be noted, that all that 


I¢ 


has been faid of the northern Hemifphere, the 


contrary muft be underftood of the fouthern ;: for 
on different fides of the Equator the feafons are 
contrary, becaufe, when the northern Hemifphere 
inclines towards the Sun, the fouthern declines 
_ from him, | . 


204. As Saturn goes round the Sunj his ob- 
liquely pofited ring, like our’ Earth’s Axis, keeps 
parallel to itfelf, and is therefore turned edgewife 
to the Sun twice in a Satu¥nian year, which is al- 
moft as long as 30 of our years, § 81. But the 
ring, though confiderably broad, is too thin to’be 
feen by us when it is turned edeewile to the 
Sun, at which time it is alfo edeewife to the 
Earth; and therefore it difappears once in every 
fifteen years to us. As the Sun fhines half a year 
together on the north Pole of our Earth, then dif 
‘appears to it, and fhines as lone on the fouth 
Pole; fo, during one’ ‘half of Saturn’s year, the 
‘Sun fhines on the north fide of his ring, then dif- 
appears to it, and fhines as long on it’s! fouth 
fide. When the Earth’s Axis inclines ‘neither to 
‘nor from the Sun, but fidewife to him, he in- 
‘ftantly ceafes to fhine on one Pole, and begins to 
enlighten the other; and when Saturn’s Ring in- 
fiines neither to nor from the Sun, but fidewile 

jamin RY to 


The Phenee 
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turn’s Ring, 
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PLATE V. to him, he ceafes to fhine on the one fide of it, 

and begins to fhine upon the other. =. | 4 
Fig, II, Let § be the Sun, ABCDEFGH Saturn’s Orbit, 


‘ he 


eA Ww 


than here: but when the candid reader confiders — 

that all the various Phenomena of Saturn’s Ring : 

depend upon a caufe fimilar to that of our Earth's” 
Fis. 1.and feafons, he will readily allow that they are belt x= 
‘ iat plained | 


{ 
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plained together; and that the two Figures ferve PLATE 
to iljuftrate each other. 

205. The. Earth’s Orbit being elliptical, and The Earth 
the Sun conitantly keeping in it’s lower Focus, i phat 
Which is 1,377,000 miles from the middle point ter th abit in 
of the longer Axis, the Earth comes twice 4d hme 
‘much, or 297544000 miles nearer the Sun at one 
time of the year than at another: for the Sun ap- 
pearing under a larger Angle in our winter than 
fummer, proves that the Earth is nearer the Sun 
in winter, (/ee the Nete on Art. 185.) But here, 
this natural queftion will arife, Why have we not 
the hotteft weather when the Earth is neareft the 
Sun ? In anfwer it muft be obferved, that the ex- 
centricity of the Karch’s Orbit, ors million 377 
miles bears no greater proportion to the Earth’s ¥?y the 
‘mean diftance from the Sun than 17 does tO 1060; coldeft when 
and therefore, this {mall difference of diftance can- near 
not occafion any great difference of heat or cold. sun. 
But the principal caufe of this difference is, that 
4n winter the Sun’s rays fall {0 obliquely upon us, 
that any.given number of them is fpread over.a 
-much greater portion of the Earth’s furface where 
we live; and therefore each point muft then have 
fewer rays than in fummer. Moreover, there 
comes a greater degree of cold in the long winter 
nights, than there can return of heat in fo fhort 
days; and on both thefe accounts the cold muft 
increafe. But in fummer the Sun’s rays fall more 
perpendicularly upon us, and therefore come with 
greater force, and in greater numbers on the. fame 
‘place; and by their “long continuance, a much 
greater deerce of heat is imparted by day than can 
fly off by night. 

206. That a greater number of rays fall on the 
- fame place, when they come perpendicularly, than 
when they come obliquely on it, will appear by rig, 1. 
the Figure. For, let 4B be acertain number of 
the Sun’s rays falling on CD (which, let us fup- 
pipele to be London) WBE 22d of Has but, q 

4 the 
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; the 22d of December, the line CD, or London, has - 
the oblique pofition Cd to the fame rays; and 
therefore fcarce a third part of them falls upon 
it, or only thofe between / and e; all the reft eB 
being expended on the fpace dP, which is more. 
than double the leneth of CD or Cd. © Befides, 
thofe parts which are once heated,“ retain the heat 
for fome time; which, with the ‘additional heat 
daily imparted, makes it continue to increafe, 
though the Sun declines towards the fouth : and 
this is the reafon’ why uly is hotter than Fune, 
although the Sun has withdrawn from the fummer — 
‘Tropic; as we find it is generally hotter’ at three 
in the afternoon, when the Sun ‘has gone ‘towards 
the weft, than at noon when he is on the Meri- 
dian. Likewife, thofe places which* are well 
cooled require time to be heated again; for the 
Sun’s rays do not heat even the furface of any 
body till they have been fome time upon it. And 
therefore we find Yanuary for the moft part colder 
‘than December, although the Sun’ has’ withdrawn 
from the winter ‘Tropic, and begins to dart his 
beams more perpendicularly upon us, when we 
fhave the pofition CF. An iron’ bar isnot heated 
immediately upon being put into the fire, nor grows 
cold till-fome time after it has been taken out. 


of 


The Method of finding the Longitude by the Eclipfes 
of Fupiter’s “Satellites: The amazing Velocity of 
Light demonfrated by thefe Eclipfes. Bes y apheee 


Fees 397: (i Eographers arbitrarily choofe to call the 
cane Moe Kt ~ omy Feit ELC tie gge aih ones te pene ; 
Longitude 3 Meridian of forne remarkable place the © 
of ides | Dn ieeitina. Mebere Mic y Been a ee 
wis and just fo many degrees and minutes as’any other 
place is to the eaftward or weftward of that Meri- 
dian, fo much eaft or weft Longitude they fay it — 
has. “A degree is the 360th ‘part of a Circle, be it _ 
ie ee | ged Boat es wih as | great 
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teat or fmall; and a minute the 6oth part of a PLaTe v. 
degree. The Eneglifh Geographers reckon the 
Longitude from the Meridian of the Royal Obfer- 
vatory at Greenwich, and the French from the Me- 
ridian of Paris. | 

208. If we imagine twelve great Circles, one. 
of which is the Meridian of any given plies to Fig, If. 
interfect each other in the two Poles of the Earth, 
and'to cut the Equator # at every isth degree, | 
‘they will be divided by the Poles into 24 Semicir- 
‘cles which divide the E.quator into 24 equal parts, 
‘and as the Earth turns on it’s Axis, the planes of 
thefe Semicircles' come fucceflively after one ano- 
ther every hour ‘to the Sun. As in an hour of Hen Cire 
time there is a revolution of 15 degrees of the i 
Equator, ina minute of time there wil bea revo- 
lution of 15 minutes of the Equator, and in a fe- 
cond of time a revolution of 15 feconds. There An hour of 
are two tables annexed to this Chapter, for’ re- A 
‘ducing mean folar time into degrees and minutes gress of 
of the terreftrial Equator; and alfo for ‘convert-™"°"? 
ing degrees and parts of the Equator into ‘mean 
folar time. 

209. Becaufe the Sun enlightens only one half 
-of the Earth at once, as it turns round it’s Axis, 
hé rifés to fome places at the fanie moments’of ab- 
folute Time when he fets to others ; and when it is 
“mid- day to fome places, it is mid-night to others. 
The XII on the middle of the Earth's enlightened 
‘fide, next the Sun, ftands for'mid-day; and the 
oppofite XIi onthe middle of the dark fide, for 
mid-nieht. If we fuppofe this Circle of hours to 
be fixed in the plane of the Equinottial, and the 
Barth to turn round within it, any particular Me- 
ridian will come to the different hours fo, as to fhew 
the true time of the day or night at all places on 
‘that Meridian. Therefore, 

210. To every place 15 degrees eaftward from 
any given Meridian, it is noon an hour fooner than 
on that Meridian ; becaufe sheir Merid ian comes 
. ta 
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to the Sun anjhour fooner: and to all places .15 
degrees weftward, it is noon an hour later, § 208, 
becaufe their Meridian comes an hour later to. the 
Sun; and fo on: every 15 degrees of motion cauf- 
ing an hour’s difference of time. Therefore they 
And confe- who have noon an hour Jater than we, have-their 
vetoes Meridian, that is, their Longitude, 15 degrees 
of Longi- .weftward from.us; and they who have noon-ar 
ee hour fooner than we, have their Meridian 15 de- 
grees eaftward from ours: and fo for every hour’s 
difference of time 15 degrees difference of Longi- 
LunaEclip- tude. Confequently, if the beginning or ending 
Baca of a Lunar Eclipfe be obferved, fuppoie at London, 
Longitude, to be exactly at mid-night, and.in fome other place 
~ aturrat night, that place is 15 degrees weltward 
from the Meridian of Loudon: if the fame Eclipfe 
be obferved at one in the morning at another place, 
that place is 15 degrees eaftward from the faid 
Meridian. . bei 
aii. But as it is not eafy to, determine the ex- 
act: moment either of the beginning or ending of — 
Fdipfesof .a LynarEclipfe, becaufe the Earth’s fhadow through 
2 eitee which the Moon paffes is faint and ill defined 
much better about the edges; we have recourfe tothe Eclipfes 
for that pur- 1 A aie oh ; ‘ + 
poe, || Om fupiter’s, Sateblites,; which difappear, fo inftan- 
taneoufly as they enter into Jupiter’s fhadow, and 
emerge fo fuddenly out of it, that we may fix 
the phenomenon to a fecond of time, The firft or 
ineareft Satellite to Jupiter is the moft advantage- 
ous for this purpofe, becaufe it’s motion is quicker 
than. the motion of any of the reft, and therefore 
it’s immerfions and emerfions are more frequent, , 


912. The Englifo Aftronomers have calculated | 
Tables for fhewing the times of the Eclipfes of 
_,Jupiter’s Satellites to great precifion, for the Me- 

ridian of Greenwich. Now, let an obferver, who — 
-has thefe Tables with a good Telefcope and a well- 

regulared Clock at.any other place of the Earth, — 

obierve the beginning or ending of an Eclipfe of © 

' one — 
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one of Jupiter’s Satellites, and note the precife mo- PLATE v. 
ment of time that he faw the Satellite, either Bc oi 

immerge into, or emerge out of the fhadow, and important 

compare that time with the time fhewn by the "°"™ 

Tables for Greenwich, then, 15 degrees difference 

of Longitude being allowed for every hour’s dif- 

ference of time, will give the Longitude of that 

place from Greenwich, as above, § 210; and if 

there be any odd minutes of time, for every 

minute a quarter of a degree, eaft or weft, muft 

be allowed, as the time of obfervation is later or 

earlier than the time fhewn by the Tables. Such 

Fclipfes are very convenient for this purpofe at 

land, becaufe they happen almoft every day; but 

are of no ufe at fea, becaufe the rolling of the fhip — 

hinders all nice telefcopical obfervations. 
2.3. To explain this by a Figure, let 7 bey; 1, 
Jupiter, K, ZL, M4, N his four Sateilices in their 
reipéctive Orbits 1, 2, 3, 43 and let the Karth be 
‘at f (fuppofe in November, although that month 
4s no otherways material than to find the Earth 
readily in this fcheme, where it is thewn in eight 
different. parts of it’s Orbit.) Let 9 be a place llutrated 
‘on the Meridian of Greenwich, and K a place on arte 
forne other Meridian eaitward from Greenwich. 

Let a perfon at R obferve the inftantaneous vanifh- 

ing of the firft Satellite K into Jupiter’s fhadow, 
 “fuppofe at three o’clock in the morning; but by — 
‘the Tables he finds the immerfion ‘of that Satellite. 
‘to be at mid-night at Greevwich : he can then im- 
‘mhediatély determine, that as there are three hours 
‘difference of time between @ and R, and that R 
‘is three hours forwarder in reckoning than Q, it 
“muft be 45 degrees of eaft Longitude from the 
Meridian of 2, Were this method as practicable 

at fea as at land, any failor might almoit as eafily, 

and with equal certainty, find the Longitude as 
_the Latitude. | 
214, Whilft the Earth is going from C to F in Fig. 11, 
“iv’s Orbit, only the immerfions of Jupiter's oS 
Ra 5 ites 
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We feléom lites into his fhadow are generally feen; and their 
sinning ana emerfions out of it while the Earth goes from G 
endoithe toB. Indeed, both thefe appearances may be 
aan a Re iveen of the fecond, third, and fourth Satellite wh nen 
peers | eGlipied, whilft the Farch is between D and £, 
“ee or between G and 4; but never of the firft Sa- 
tellite, on account of the {mallnefs of*it’s Orbit 
and the bulk of Jupiter; except only when Ju- 
piter is directly oppofite to the Sun; that is, when 
the Earth is at g; and even then, ftrictly fpeak- 


ing, we cannot lee either the immerfions or emer- 
fions of any of his Satellites, becaufe his body 


being directly between us and his conical fhadow, - 


his Satellites are hid by his body a few moments 
before they touch his fhadow;.and are quite 
emerged from. thence before we can fee them, as 
it were, juft dropping from him. And when the 
Earth is at c, the Sun, being between it and Ju- 
piter, hides both him and his Moons from us. 

In this Diagram, the Orbits of Jupiter’s Moons 
are drawn in true proportion to his diameter; but, 


in proportion to the Earth’s Orbit, they are drawn 


81 times too large. 
Jopiter’s 215. In whatever month of the year Jupiter is 


conjunéti- 
oe ne conjunction with the Sun, or in oppofition to 


Sun, or op- tim, in the next year it will be.a month later at © 


pofitions to Jeaft, For, whilft the Earth goes once round the 


him, are 


every year RID. Jupiter defcribes a twelfth part of his Orbit. — 


in different 
parts of the 
Heavens, annual period from being in a line with the Sun 


And therefore, when the Earth has finifhed it’s © 


and Jupiter, it muft go as much forwarder as 
Jupiter has moved: in that time, to overtake him 


again: juft like the minute-hand of -a watch, 


which muft, from any conjunction with the hour- ; 
-hand, go once round the dial-plate and fomewhat 
above a twelfth part more, to aah gy” the hour- : 


-hand again. 


<a16.-It is aia by obfervation, that when ‘hell 
bain is between the Sun and Jupiter, as at g, his 
Satellites 


. 


*' 


i 
re 


Satellites are eclipfed about 8 minutes fooner than PLATE 
they fhould be according to the Tables: and ™“? 
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9 


when the Earth is at B or C, thefe Eclipfes hap- 
pen abour 8 minutes later than the Tables predi& 
them. Hence it is undeniably certain, that the 
motion of Light is not inftantaneous, fince it 
takes about 16; minutes of time to go through a 
{pace equal to the diameter of the Earth’s Orbit, 
which is 162 millions of milesin length: and con- 


— 


fequently the particles of Light fly abour 164 


thoufand 494 miles every fecond-of time, which 
Is above a million of times fwifter than, the motion 


of a cannon-bullet. 


And as light is 164 minutes The furpri- 
fing velocity 


in travelling acrofs the Earth’s Orbit, it muft be ¢; Licht, 
$= minutes in coming from the Sun to us: there- 
fore, if the Sun were annihilated, we fhould fee 


him for 84 
‘created, he 


could fee him. : 
217. To illaftrate this progreflive motion of Fig. Vv. 
Light, let 4 and B be the Earth in two different 

parts of it’s Orbit, whofe diftance from each other 

is 81 millions of miles, equal to the Earth’s dif- 
‘tance from the Sun S. It is plain, that if the muAratea 
motion of Light were in{ftantaneous, the Satellite by «Figure. 
‘I would appear’ to enter into Jupiter’s fhadow FF 

‘at the fame moment of time to a fpeCator in 4 as 

‘to another in B. But by many years obfervations 

‘it has: been found, that the immerfion of the 
‘Satellite into the fhadow is feen $£ minutes foaner 

when the Earth is at B, than when it is at JZ. 

And fo, as Mr. Romer firft difcovered, the mo- 

tion of Light is thereby proved to be progreffive, 

and not inftantaneous, as was formerly believed, 

It is eafy to compute in what time the Earth 
moves from 4 to B; for the Chord of 60 degrees 

of any Circle is equal to the Semi-diameter of 

that Circle ; and as the Earth goes through all the 

360 degrees of it’s Orbit in a year, it goes through 


Os 


G0 of thofe degrees in about Or days. Therefore, 


; 


minutes after; and if he were again 


ser) 


would be 8% minutes old before we 


if 
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if on any given day, fuppofe the firlt of Fune, the 
Earth is at 4, on the firft of 4uguf it will be at 
B: the chord, or ftraight line 4B, being equal to 
DS the Radius of the Earth’s Orbit, the fame 
with AS it’s diftance from the Sun. | 

218. As the Earth moves from D to C, through 
the fide 4B of it’s Orbit, it is conftantly meeting 
the light of Jupiter’s Satellites fooner, which oc- 
cafions an apparent acceleration of their Eclipfes: 


and as it moves through the other half H of it’s 
Orbit, from C to D, it is receding from their | 
light, which occafions an apparent retardation of | 


their Eclipfes, becaufe their light is then longer 
before it overtakes the Earth. 


219. That thefe accelerations of the immerfions _ 
of Jupiter’s Satellites into his fhadow, as the Earth | 


approaches towards Jupiter, and the retardations 


of their emerfions out of his fhadow, as the Earth. 


them all alike, in whatever parts of their Orbits 


they are eclipfed. Befides, they go often round 
their Orbits every year, and their motions are no — 
way commenfurate to the Earth’s. Therefore, a - 
‘Phenomenon not to be accounted for from the 
real motions of the Satellites, but fo eafily dedu-— 


cible from the Earth’s motion, and fo anfwerable 


thereto, muft be allowed to refult from it... This) 
affords one very good proof of the Earth’s annual 


motion. 


20, TABLES 


is going from him, are not occafioned by any ine- 
quality arifing from the motions of the Satellites — 
in excentric Orbits, is plain, becaufe it affects — 
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220. TABLES for converting mean folar Time into Degrees and 
. Parts of the terreftrial Equator; and alfo for converting De- 
_ grees and Parts of the EquaTor into mean folar Time. 


Tasxe II, For converting Degrees 
and Parts of the Equator into Time. 
Cet anicnnaneenivienidrtii eee 


eae se 6 arene RE as or Bar ee 
Tascel. For converting Time into 
Degrees and Parts of the Equator. 
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*o 'Thefe are the Tables mentioned in the 268th- 
Article, and are fo eafy, that they fearce require 
any farther explanation than to inform the reader, 
‘thatif;in Table I, he reckons the columns marked. 
with Aftérifks to be minutes of time, the other’ 
columns give the equatoreal parts or motion ir 
degrees and minutes; if he reckons the Afterifk 
columns to be feconds, the others give the motion 
in minutes and feconds of the Equator ; if thirds, 
in feconds and thirds: And if in Table H. he 
reckons the Afterifk columns to be degrees of 
motion, the others give the time anfwering thereto © 
in hours and minutes; if minutes of motion, the - 
time is minutes and feconds ; if feconds of motion, — 
the correfponding time is given in. feconds and— 
thirds. An example in each cafe will make the 
whole very plain. 2 | 


FExamete |]. | Examp te IL, 5). 

In 10 hours 1s mi-| In what time will 153 
nutes24 feconds 20 thirds, |degrees 61 minutes 5 te- 
Qu. How much of the{conds of the Equator 
Equator revolves through|revolve through the Me- 


: 
4 
: 
| 


the Meridian? . ridian ? VT tcn, | ee 

Deg. M. S. + . AMS 
Hours 10 150 © “Of, f150 10 00 '0 
Mint te)? geo ee no ee 
bee. 5 a4 6) o}Min, 51. 3.24.0 
Thirds 20 ery is | Sec. Da | ae 
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Sydereal 22 I. HE Stars appear to go round the Ear h 


a8 Ga tig in 23 hours’ 56 minutes 4 feconds, a d 

| days, and the Sun in 24 hours: fo that the Stars gain thrée’ 
why. minutes 56 feconds upon the Sun every day, which’ 
- ak poo] - amounts 
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amounts to. one diurnal revolution in a year; and PLATE 
therefore, in 305 days as meafured by the returns * 
of the Sun to the Meridian, there are 366 days” 
as meafured by the Stars returning to it: the for- 

mer are called Solar Days, and the latter Sydereal. 
The diatneter of the Earth’s Orbit is but a 
phyfical point in proportion to the diftance of the 
Stars; for which reafon, and the Earth’s uniform 
/motion on it’s Axis, any given Meridian will re- 
volve. from any Star to the fame Star again in 
every abfolute turn of the Earth on it’s Axis, 
without the leaft perceptible ‘difference of time 
fhewn by acclock which goes exactly true. 
_ Jf the Earth had only. a diurnal motion, with- 
out an annual, any given Meridian would revolve 
from the Sun to the Sun again in the fame quan- 
tity of time as from any Star to the fame Star 
again; becaufe the Sun would never change his 
Place with refpect tothe Stars. But, as the Earth 
advances almoft a degree eaftward in it’s Orbit in 
the time that ic turns eaftward round it’s Axis, 
whatever Star paffes over the Meridian on any 
day with the Sun, will pafs over the fame Meri- 
‘dian on the next day when the Sun is almoft a 
degree fhort of it; that is, 3 minutes 56 feconds 
fooner. If the year contained only 360 days, as 
the Ecliptic does 360 degrees, the Sun’s apparent 
place, fo far as his motion is equable, would 
change a degree every day; and then the fydereal 
days would be juft 4 minutes fhorter than the folar. 
| Let ABCDEFGHIKLM be the Earth’s Orbit, rig. 1, 
‘th which it goes round the Sun every year, accord- 
ing to the order of the letters, that is, from weft to 
eaft ; and turns round it’s Axis the fame way from 
the Sun to the Sun again every 24 hours. Let S$ 
be the Sun, and Ra fixed Star at fuch an immenfe 
diftance, that the diameter of the Earth’s Orbit 
Be no fenfible proportion to that diftance. Let 
Vin be any particular Meridian of the Earth, and 


“a given point or place upon that, Meridian. 
When 
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_ Meridian, When the Earth comes to D, the point: 
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When the Earth is at 4, the Sun S’hides the Star | 
R, which would always be hid if the Earth never | 
removed from 4; arid confequently, as the Earth} 
turns round it’s Axis, the point NV would always | 
come round to the Sun dnd Star at the fame time. | 
But when the Earth has advanced, fuppofe a twelfth | 
part of it’s Orbit from 4 to B, it’s motion round. 
it’s Axis will bring the point N a twelfth part of | 
a natural day, or two hours, fooner to the Star than | 
to the Sun; for the Angle NBx is equal to the 
Angle ASB , and therefore any Star, which comes. 
to the Meridian at noon with the Sun when the 
Earth is at 4, will come to the Meridian at 10 in 
the forenoon when the Earth is at 8B. When the 
Earth comes to C, the point N will have the Star 
on it’s Meridian at 8 in the morning, or four hours: 
fooner than it comes round to the Sun; for it muft 
revolve from WN to #, before it has the Sun in it’s 
WN will have the Star on it’s Meridian at 6 in the 
morning, but that point muft revolve fix hours 
more from N to 4”, before it has mid-day by the 
Sun: for now the Angle ASD is a right Angle, 
‘and fo is NDz; that is, the Earth has advanced 
go decrees in it’s Orbit, and muft turn 90 degrees 
on it’s Axis to carry the point VV from the Star to 
the Sun: for the Star always comes to the Meri- 
dian when Nm is parallel to RSA; becaufe DS is 
but a point in refpect of RS. When the Earth is 
at E, the Star comes to the Meridian at 4 in the 
morning; at F, at 2 in the morning; and at G, 
the Earth having gone half round it’s Orbit, NV 
points to the Star R at midnight, it being thea 
directly oppofite to the Sun; and therefore, by 
the Earth’s diurnal ‘motion, the Star comes to the 
Meridian 12 hours, before the Sun. When the 
Earth is at H, the Star comes to the Meridian at 
10 in the evening; at J it comes to the Meridian 
at 8, that is, 16 hours before the Sun; at K 18 
hours before him; at LZ 20 hours; at Af 22; and 
at 4 equally with the Sun again. i 
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A Tasxe, fhewing how much of the Celeftial Equator paffes 
over the Meridian in any part of a mean SoLAR Day; and 
how much the Fixep Srars gain upon the mean Sonar} 
‘Time every Day, for a Month. 
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PLATE ..222. Thus it is plain, that an abfolute turn of 
iI. | | 


agate the Earth on it’s Axis (which is always completed | 


tumnefthe when any particular Meridian comes:to be parallel 
Earth on it’s +4 ip’g fituation at any time of the day before) never 


Axis never 


fnither 3 brings the fame Meridian round from the Syn to 
olardey. the Sun again; but that the Earth requikes as 


much more than one turn on it’s Axis to finifh a) 


natural day, as it has gone forward in that time ; | 
which, at a mean ftate, is a 365th part of a Circle. 


Hence, in 365 days the Earth turns 366 times 
round it’s Axis; and therefore, as a turn of the 
- Earth on it’s Axis completes a fydereal day, there 
mutt be one fydereal day more in a year than the 


number of folar days, be the number what-it will, 


on the Earth, or any other Planet. One turn being 
loft with refpect to the number of folar days in a 


year, by the Planet’s going round the Sun; juft as! 


it would be loft to a traveller, who, in. going round 


the Earth, would lofe one day by following the 


apparent diurnal motion of the Sun; and conle- 
quently would reckon one day lefs at his return 
(let him take what time he would to go round the’ 


Earth) than thofe who remained all the while at — 


the place from which he fet out. So, if there were 
two Earths revolving equably on their Axes, and 
Fig I if one remained at 4 until the other had gone round 
the Sun from 4 to A again, that Earth which kept 


it’s place at 4 would have it’s folar and fydereal. 


days always of the fame length; and fo would have 
~-one folar day more than the other at it’s return. 
Hence, if the Earth turned but once round it’s, 
Axis in.a year, and if ¢bat turn was made the fame 
way as the Earth goes round the Sun, there would 
be continual day on one fide of the Earth, a 
continual night on the other. OC ae 
223. The firft part of the preceding Table fhews 
how much of the celeftial Equator paffes over the 
Meridian in any given part of a mean folar ian 
and is to be underftood the fame way as the Tab) 
in the 220th article. ‘The latter part, intitled) 
| Accele- 
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Adcelerations of the fixed Stars, affords us an eafy method To know by 
of knowing whether or no our clocks and watches ia 
go true: For if, through a {mall hole in a window- Clock goes 
fhutter, or in a thin plate of metal fixed to'a win- "°°" 
dow, we obferve at what time any Star difappears 

behind a chimney, or corner of a houfe, at a little 
diftance ; and if the fame Star difappears the next 

night 3 minutes 56 feconds fooner by the clock 

or watch ;-and on the fecond night, 7 minutes 52 
deconds fooner; the third night 11 minutes 48 
feconds fooner; and fo on, every night, as in the 

Table, which fhews this difference for 30 natural 
days, it is an infallible fign that the machine goes — 

true; otherwife it does not go true; and muit be 
regulated accordingly: and as the difappearing of 

a Star is inftantaneous, we may depend on this in- 
formation to half a fecond, 
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‘224. ‘HE Earth’s motion on it’s Axis being 
perfectly uniform, and equal at all times. 
of the year, the fydereal days are always precifely 
of an equal length; and fo would the folar or na- 
tural days be, if the Earth’s Orbit were a perfect 
Circle, and it’s Axis perpendicular to it’s Orbit. 
But the Earth’s diurnal motion on an, inclined The Sua 
Axis, and it’s annual motion in an elliptic Orbit, BEF 
caufe the Sun’s apparent motion in the Heavens to on four days 
be unequal: for fometiimes he revolves from the % ey 
Meridian to the Meridian again in fomewhat lefs 
than 24 hours, fhewn by a well-reguleted clock ; 
and at other times in fomewhat more: fo that the 
time fhewn by an equal going clock and a true 
Sun-dial is never the fame but on the 15th of 
April, the 16th of June, the 31ft of Ayguff, and the 
24th of Decembér, ‘The clock, if it goes equally, 
and true all the year round, will be before the Sun 
ake : baie from 
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from the 24th of December till the 15th of April, 
from that time till the r6th of use the Sun will 
be before the clock; from the 16th of une till the 
3ift of Auguft the clock will be again before the 


Sun; and from thence to the 24th of December the 


We of the 
Fanation 


Table, 


Sun will be fafter than the clock. | 
225. The Tables of the Equation of natural days, 
at the end of the following Chapter, fhew the time 
that ought to be pointed out by a well-regulated 
clock or watch, every day of the year, at the pre- 
cife moment of folar noon; that is, when the Sun’s 
center is on the Meridian, or when a true Sun-dial 
fhews it to be precifely Twelve. Thus, on the: 
sth of Fanuary in Leap-year, when the Sun is on 
the Meridian, it ought to be 5 minutes 51 feconds 
paft twelve by the clock: and on the r5th of May, 
when the Sun is on the Meridian, the time by the 
clock fhould be but 55 minutes 57 feconds paft ele- 
ven: in the former cafe, the clock is 5 minutes 51 
{econds beforehand with the Sun; and in the latter 
cafe, the Sun is 4 minutes 2 feconds fafter than the 
clock. The column. at the right hand of each 
month fhews the daily difference of this equation, 
as it increafes or decreafes. But without a Mert 
dian Line, or a Tranfit-Inftrument fixed in the 


plane of the Meridian, we cannot fet a Sun-dial 


How to 
draw a Mee 
tidian Line, 


\ 


true, 


_ 226. The eafielt and moft expeditious way of 
drawing a Meridian Line is this: Make four or 
five concentric Circles, about a quarter of an inch 
from one another, on a flat board about a foot in 


~ breadth; and let the outmoft Circle be but hitle 


f 
ny 


lefs than the board will contain. Fix a pin per- 
pendicularly in the center, and of fuch a length 
that it’s whole fhadow may fall within the inner- 
moft Circle for at leaft four hours in the middle of 
the day. The pin ought to be about an eighth 
part of an inch thick, and to have a round blunt 
point, The board being fet exactly level in a place 

| where 


* 
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where the Sun shines, fuppofe from eight in the 
morning till four in the afternoon, about which 
hours the end of the fhadow fhould fall. without 
all the Circles; watch the times in the forenoon, 
when the extremity of the fhortening fhadow juft 
touches the feveral Circles, and ¢bere make marks. 
Then, in the afternoon of the fame day, watch 
the lengthening fhadow, and where it’s end touches 
the feveral Circles in going over them, make 
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marks alfo. lLaftly, with a pair of compafies, find . 


exactly the middle point between the two marks 
on any Circle, and draw a {traight line from the 
center to that point; which Line will be covered 
at noon. by the fhadow of a fmall upright wire, 
which fhould be put in the place of the pin. 
The reafon for drawing feveral Circles is, that in 
cafe one part of the day fhould prove clear, and 
the other part fomewhat cloudy, if you mifs the 
time when the point of the fhadow fhould touch 
one Circle, you may perhaps catch it in touching 
another. The belt time for drawing a Meridian 


Line in this manner is about the fummer folftice; | 


becaufe the Sun changes his declination flowett 
and his altitude fafteft in the longeft days. 

If the cafement of a window on which the Sun 
fhines at noon be quite upright, you may draw a 
line along the edge of it’s fhadow on the floor, 
when the fhadow of the pin is exactly on the 
Meridian Line of the board: and as the motion 
of the fhadow of the cafement will be much more 
fenfible on the floor, than that of the fhadow of 
the pin on the board, you may know to a few 
feconds when it touches the Meridian Line on the 
floor; and fo regulate your clock for the day of 
- obfervation: by that line and the Equation Tables 
above-mentioned, § 225. 


227, As the Equation of time, or difference 
between the time fhewn by a well-regulated Clock 
and a true Sun-dial, depends upon two caufes, 

4 namely, 


Equation of ; 
natural days 
explained. 


‘ 
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namely, the obliquity of the Ecliptic, and the 
unequal motion of the Earth in it, we thall firtt 
explain the effcéts of thefe caufes feparately con- 
fidered, and then the united effects refulting from 

their combination. 1 OUTER SE te 

228. The Earth’s motion on it’s Axis being 

perfectly equable, or always at the fame rate, and 

the * plane of the Equator being perpendicular 

to it’s Axis, it is evident that in equal times 

equal portions of the Equator pafs over the Me- 

ridian ; and fo would equal portions of the Ecliptic, 

if it were parallel to or coincident with the Equa- 

Theft tor. But, as the Ecliptic is oblique to the 
Eoustion oft Gator, the equable motion of the Earth catries 
time. unequal portions of the Ecliptic over the Meri- 
ca dian in equal times, the difference being propor- 
tionate to the obliquity; ‘and as fome parts of 

the Ecliptic are much more oblique than others, 

thofe differences are unequal among themifelves. 
‘Therefore, if two Suns fhould ftare either from 

the beginning of Aries or Libra, and continue to 

move through equal arcs in equal times, one jn 

the Equator, and the other in the Ecliptic, the 
equatoreal Sun would always return. to the Meri- 

dian in ‘24 hours ‘time, as meafured by a well- 
regulated ‘clock; “but the Sun in the Ecliptic 

would’ return’ to the Meridian fometimes fooner, 

and fometimes later than the equatoreal Sun; and 

only at the fame moments with “him on four days 

-Of the year ;namely,’‘the 20th of March, when 

the ‘Sun’enters Aries; ‘the arft of Fune,’ when he. 
_enters Cancer, the 23d of September, when he 
enters Libra; and the 21ft of December, when he 

enters Capricorn. But, as there is only one Sun, 

and his apparent motion is always in the Ecliptic, 


= 
Os 
OV! 


* Ifthe Earth were cut along the Equator, quite through 

£ $4 5 Be hee P . 7 “wd + 4 alt § F 
the center, the flat furface of this feCtion would be the ‘plane 
of the Equator; as the paper contained within any Circle may 
‘De juftly termed the plane of that Circle, | mM 
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ict us henceforth call him the real Sun, and the PLATS 
other, which is fuppofed to move in the Equator, 

the fictitious ; to which laft, the motion of a well- 
regulated clock always an{wers. , 

Let Zrz= be the Earth, ZFRz it’s Axis, rig, un. 
abcde 8cc. the Equator, ABCDE &c. the northern 
half of the Ecliptic from v to & on the fide of 

the Globe next the eye; ‘and MNOP &c. the 
fouthern half on the oppofire fide from # to x. 
Let the points at J, B,C, D, E, Fy &c. quite 
round from y to y again bound equal portions 
of the Ecliptic, gone through in equal times by 
‘the real Sun ; and thofe at a, b, c, d, e, f, &c. 
equal portions of the Equator deferibed in equal 
times by the fictitious Sun; and let Zyz be the 

eridian. 

As the real Sun moves obliquely in the Ecliptic, 
and the fictitious Sun directly in the Equator, with 
refpect to the Meridian; a degree, or any num- 
ber of degrees, between v and Fon the Ecliptic, 
muft be nearer the Meridian Zaz, than a de- 
gree, or any ‘corréfponding number of degrees on 
the Equator from x to f; and the more fo, as 
they are the more oblique: and therefore the 
true Sun comes fooner to the Meridian every day 
whilft he is in the quadrant y F, than the ficti- 
tious Sun does in the quadrant v f; for which 
reafon, the folar noon precedes noon by the Clock, 
until the real Sun comes to #, and the fictitious 
to f; which two points, being equidiftant from 
the Meridian, both Suns will come to it precilely 
at noon by the Clock. 

" Whilft the real Stn defcribes the fecond qua- 
drant of the Ecliptic FGHIKL from sw to «, he 
comes later to the Meridian every day, than the 
fictitious Sun moving through the fecond quadrant 
of the Equator from ‘f to =; for the points at 
G, H, I, K, and L being farther from the Meni- 
dian than their correfponding points at g, 2, 7, k; 
and i ge mutt be later of coming to it: as 

oth 
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both Suns come at the fame moment to the point 
«=, they come to the Meridian at the moment of 
hoon. by the Clock. | 


In Geparting from Libra, through the third 


quadrant, the real Sun going through MNOPQ 


towards wp at R, and the fititious Sun through 


gnopg towards ry, the former comes to the Meri- 


A Tabieof 
theF ovation 
of Time te- 
pruding en 
the Sen’s 
place in the 
Echiptic, 


dian every day fooner than the latter, until the 
real Sun comes to vr, and the fictitious to 7, and 
then they both come to the Meridian at .the 
fame time. ? : 

Laftly, as the real Sun moves equably through 
STUVYY, from vp towards y ; and the fiGtitious 
Sun through stuvw, from r towards x, the for- 
mer comes later every day to the Meridian than 
the latter, until they both arrive at the point ¥, 
and then they make it noon at the fame time with 
the ‘clock, | 


229. The annexed Table fhews how much the 
Sun is falter or. flower than the clock ought to 
be, fo far as the difference depends upon the obli- 


guity, of the Ecliptic; of which the Signs of the . 


frit and third quadrants are at the head of the 
‘Table, and their Degrees at the left hand; and 
in. thefe the Sun is fafter than the Clock: the 
Signs of the fecond and fourth quadrants are at 
the foot of the Table, and their degrees at the 


right hand; in all which the Sun is flower than 


the Clock: fo that entering the Table with. the 
given Sign of the Sun’s place at the head of the 


Table, and the Degree of his place in that Sign 


at the left hand; or with the given Sion at the — 


foot of the Table, and Degree at the right hand; 
in the Angle of meeting is the number of minutes 


and feconds that the Sun is fafter or flower than 


the clock :. or in other words, the quantity of time 


in which the real Sun, when in that part of the 


Ecliptic, comes fooner or later to the meridian 
than the fictitious Sun in the Equator. Thus, 
| sf when 


~~ Sire i. 
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when the Sun’s place is y Taurus 12 degrées, 
he is 9 minutes 49 feconds fafter than the clock ; 
and when his place is o> Cancer 18 degrees, he is 
6 minutes 2 feconds flower. 


Sun fa er than the Cloch in 
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230. This part of the Equation of time may 
perhaps be fomewhat difficult to underftand by a 
Ficure, becaufe both halves of the Ecliptic feem 
to be on the fame fide of the Globe; but it may 
be made very eafy to any perfon who has a real 


Globe before him, by putting fmall-patches on | 


every tenth or fifteenth degree both of the Equa- 
tor and Ecliptic, beginning at Aries v ; and 
then, turning the ball “flowly round weftward, he 
will fee all the patches from Aries to Cancer come 
to the brazen Meridian fooner than the corref- 
ponding patches on the Equator; all thofe from 
Cancer to Libra will come later to the Meridian 
than their correfponding patches on the| Equator ; 
thofe from Libra to Capricorn fooner, and thofe 
from Capricorn to Aries later: and the patches at 
the beginnings of Aries, Cancer, Libra, and Ca- 
pricorn, being either on, or even with thofe on 
the Equator, thew that’ thé two Suns either meet 
there, or are.even with one ‘another, and fo come 
to the Meridian at the fame moment. 

231. Let us fuppofe that there are two little 
balls moving equably round a celeftial Globe by 
’ clock-work, one always keeping in, the Ecliptic, 
and gilt with gold, to reprefent the real Sun; and 
the other keeping in the Equator, and filvered, 
to reprefent the fictitious Sun: and that whilft 
thefe balls move once round the Globe accord- 


‘ing to the order of Signs, the Clock turns the 


ide 266 times round it’s Axis weftward. The 
Stars ey | make 366 diurnal revolutions from the 


brafen Meridian to it again; and the two balls re~ 


Palen 2 the real and GGitious Sun always going 


tart her eaftward from any given Star, will come 
later than it to the Meridian every following day ; 
and each bail will make 365 revolutions to the 


Meridian ; coming equally to it at the beginnings | 


of Aries, Cancer, Libra, and ‘Capricorn : but in 
every other point of the Ecliptic, the gilt ball 


will come either fooner er Jater-to the Meridian 


6 than 
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IAL 


than the filvered ball, like the, patches above- prateE 


mentioned. ‘This would be a pretty enough way 
of fhewing the reafon why any given, Star, which, 


on a certain day of the year, comes to the Meri- 


dian with the Sun, paffes over it fo much fooner 
every following day, as on that day twelvemonth 
to come to the Meridian with the Sun again; and 
alfo to fhew the reafon why the real Sun comes to 
~ the ‘Meridian fometimes fooner, fometimes later, 
than it is noon: by the clock; and, on four days 
of the year, at the fame time; whilft the fictitious 
Sun always comes to the Meridian when Jit is 
twelve at noon by the clock. This would be no 
difficult tafk for an-artift to perform ; for the gold 
ball might be carried round the Ecliptic by a 
wire from it’s north Pole, and the filver ball round 
the Equator: by a wire from it’s fouth Pole, by 
means of a féw wheels to each ;. which might be 
eafily added to my improvement of the celeftial 
Globe, defcribed in N° 483 of the Ph:lofophicat 
Tranfaétions; and of which | fhall give a detcrip- 
tion in the latter part of this Book, from the third 
Figure of the third plate. 


Wie. 


232. Itis plain that if the Ecliptic were more Fig. un, 


obliquely pofited to the Equator, as the dotted 
Circle vx, the equal divifions from v to x 
would come ftill fooner to the Meridian Zor 
‘than thofe marked 4, B, C, D, and E do: for two 
divifions containing 30 degrees, from 9 to the 
fecond dot, a little fhort of the figure 1, come 
fooner to the Meridian than one divifion contain- 
ing only 15 degrees from v to 4 does, as the 
Ecliptic now ftands; and thofe of the fecond 
quadrant from « to = would be fo much later. 
The third quadrant would bevas the firtt, and the 
fourth as the fecond. And it is likewife plain, 
that where the Ecliptic is moft oblique, namely 
about Aries and Libra, the difference would be 
greateft; and Jeaft about Cancer and Capricorn, 
where the obliquity is leaft. 

234. Having 
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234. Having explained one caufe of the® dif: 
ference of time fhewn by a well-regulated Clock 
and a true Sun-dial; and confidered the Sun, not 
the Earth, as moving in the E:cliptic; we now» 
proceed to explain the other caufe of this differ- 
ence, nately, the inequality of the Sun’s apparent 
motion, § 295, which is floweft in fummer, when: 
the Sun is fartheft from the Earth, and fwiftett -in® 
winter when heis neareft to it.) But‘the Earth’s 
motion on it’s Axis is equable all the year round, 
and is performed from weft to eaft ; which is: the 
way that the Sun appears to change his place in 
the Eciiptic. bak 

235. If the Sun’s motion were equable in the 
Fcliptic, the whole difference between the equal 
time as fhewn by a Clock, and the unequal time 
as fhewn by the Sun, would arife from the obli- 
quity of the Ecliptic. But the \Sun’s’ motion 
fometimes exceeds a degree in 24 hours, though 
eenerally it is lefs: and when his motion is 
flowett, any particular Meridian will revolve fooner 
to him than when -his motion is quickeft; for it 
will overtake him in lefs time when'he advances a 
lels {pace than when he moves through a larger. 

236. Now, if there were two Suns ‘moving io 
the plane of the Ecliptic, fo as to go round itin 


a year; the one deferibing an equal arc every 


Fig. IV. 


24 hours, and the .other defcribing fometimes a 
fefS arc'in 24 hours, and at other times a larger; 
gaining at one time of the year'whatit lot at the 
oppofite ; it is evident that either of thefe Suns— 
would come fooner or later to the» Meridiam than 
the other, as it happened to be behind or before 
the-other: and when they were botly in conjunc 
tion, they would come to the Meridian at the 
Jame moment. ; } 4 

237. As the real Sun moves unequably in the 
Echptc, let us fuppofe a fititious Sun to move 
equably in a circle: coincident with the plane of — 


the Exchiptic. Let 4£CD be the Ecliptic or Orbit 


i 
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in which the real Sun moves, and the dotted 
Circle abcd the imaginary Orbit of the fictitious 
San; each going round in a year according to the 
order of letters, or from weft to eat. Let HIK 
be the Earth turning round it’s Axis the fame 
way every 24 hours; and fuppofe both Suns ta 
ftart from 4 and a, ina right line with the plane 
of the Meridian EH, at the fame moment: the 
teal Sun at 4, being then at his egreateft diftance 
from. the Earth, at which time his motion is 
floweft ; and the fictitious Sun at 2, whofe motion 
is always equable, becaufe his diftance from the 
Earth is tuppofed to be always the fame. In the 
time that the Meridian revolves from H to ¥ 
again, according to the order of the letrers H/KL, 
the reai Sun has moved from 4 to F’;' and the 
fictitious with a quicker motion from a to f, 
through a Jareer arc: therefore, the Meridian E/f 
will revolve fooner from H to 4 under the real 
Sun at Fy than from H to & under the fictitious 
Sun at f; and confequently it will then be noon 
by the Sun-dial fooner than by the Clock. 

As the. real Sun moves from 4 towards C, the 
fwiftnefs of his motion increafes all the way to C, 
where it 1s at the quickeft. But notwithitanding 
this, the fictitious Sun gains fo much upon the 
real, foon after his departing from 4, that the 
increafing velocity of the real Sun does not bring 
him up with the equally moving fictitious Sun 
‘tillthe former comes to C, and the latter to ¢, 
when each has gone half round it’s refpective 
Orbit; and then being in conjunction, the Meri- 
dian EH revolving to EK comes to both Suns at 
the fame time, and therefore it is noon by them 
both at the fame moment. 

But the increafed velocity of the real Sun, now 
being at the quickeft, carries him before the ficti- 
tious one; and therefore, the fame Meridian will 
come to the fictitious Sun fooner than to the real: 
for whilft the fictitious Sun moves from ¢ to g, 


: 


the 
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pate TE the real Sun moves through a greater arc from C 


toG: confequently the point K has it’s noon by 
the Clock when it comes to &, but not it’s noon 
by the Sun till it comes to 7, And although the 
velocity of the real Sun diminifhes all the way 
from C to 4, and the fictitious Sun by an equable 
motion is {till coming nearer to: the real Sun, yet 
they are not in conjunétion till the one. comes to 
A and the other to a; and then it is noon by 
them both at the fame moment. | 


Thus it appears, that the folar noon is always 


later than noon by the clock whilft the Sun goes 
from.C to 4, fooner whilft he goes from 4 to C, 
and at thefe two points the Sun and Clock being 


equal, it is noon by them both at the fame 


moment. 


Breese, Pe-y ag 38. The point 4 is called the Sun’s. Apogee, 


Aphdes, vecaufe when he is there he. is at his greateft 


what. diftance from .the Earth ; the point C his Perigee, ; 


-becaufe when in it he is at his leaft diftance from’ 


Fig. tv. the Earth: and a right line, as AEC, drawn 


through the Earth’s center, from one of thefe 


‘points to the other, is called zhe line of the Apfides. 


239. The diftance that the Sun has gone in 
‘any time from his Apogee (not the diftance he 
has to go to it, though ever. fo little) is called bis — 


Mean Ano- mean Anomaly, and is reckoned in Signs and De- 
grees, allowing 30 Deeorees to a ‘Sign. Thus, — 


maly, what. 


when. the Sun has gone fuppofe 174 degrees from — 


his Apogee at 4, he is faid to be 5 Signs 24 


Degrees from it, which is his mean Anomaly : 


and when he is. gone fuppofe 355 degrees from 


w 


his Apogee, he is faid to be 11 Signs 25 Degrees - 
from it, although he be but 5 Dégrees fhort of — 


.4in coming. round to it again. 


240, From what was faid above, it appears, | 


that when the Sun’s Anomaly 1s lefs than 6 Signs, 


that is, when he is any where between 4 and Ga 


in the half ABC of his Orbit, the felar noon pre- 
6 cedes, 
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cedes the clock noon; but when his Anomaly is 
more than 6 Signs, that is, when he is any where 
between C and v4, in the half CDA of his Orbit, 
the clock noon precedes the folar. When his 
Anomaly is o Signs o Degrees, that is, when he 
is in his Apogee at 4; or 6 Signs o Degrees, 
_ which is when he is in his Perigee at C; he comes 
to the Meridian at the moment that the fiGitious 


Sun does, and then it is noon by them both at 


the fame inftant. — ~ | | | 
241. The following Table fhews the Variation, 
or Equation of time depending on the Sun’s Ano- 
maly, ahd arifing from his unequal motion in the 
Ecliptic ; as the former Table, § 229, fhews the 
Variation depending on the Sun’s place, and re- 
fulting from the obliquity of the Ecliptic: this is 
to be underftood the jame way as the other, 
namely, that when the Signs are at the head of 
the Table, the Degrees are at the left hand; but 
when the Signs are at the foot of the Table, the 
refpective Degrees are at the right hands and in 
both cafes the Equation is in the Angle of meet- 
ing. When both the above-mentioned Equations 
are either fafter or flower, their fum is the abfo- 
lute Equation of Time; but when the one is 
fatter, and the other: flower, it is their difference. 
Thus, fuppofe the Equatidn depending on the 
Sun’s place, be 6 minutes 41-feconds too flow, 
and the kquation depending on the Sun’s Ano- 
maly, be 4 minutes 206 feconds too flow, their 
Sun is 1i minutes 1 fecond too flow. But if the 


one had been 6'minutes 41 feconds too faft, and. 


the other’4 minutes 20 feconds too flow, their 
difference would have been 2 minutes 21 feconds too 
fait, becaufe the greater quantity is too fat, 


1 Sun 


e 
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BAe Eke obliquity of the Eckiptibua to. ‘che | 
Equator, which is the firft mentioned caufe of | 
the Equation of Time, would make the Sun and — 
Clocks agree on four days of the year ; which are, — 


Capricorn: but the other caule, now explained, 
would — 


4 


a 
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would make the Sun and Clocks equal only twice 
in a year; that is, when the Sun is in his Apogee 
and Perigee. Confequentiy, when thefe two 
points fall in the beginnings of Cancer and Capri- 
corn, or of Aries and Libra, they concur in ma- 
king the Sun and Clocks équal in thefe points, 
But the Apogee at prefent is in the gth degree 
of Cancer, and the Perigee in the gth degree of 
Capricorn ; and therefore the Sun and Clocks 
cannot be equal about the beginnings of thefe 
Signs, nor at any time of the year, except when 
he fwiftnefs or fownefs of Equation refulting 
rom one caufe juft balances the flownefs or fwift. 
nefs arifing from the other. | | 
_ 243. The fecond Table in the following Chapter 
hews the Sun’s place in the Ecliptic at the noon 
Of every day by the Clocks for the fecond year 
after Leap-year; and alfo the Sun’s Anomaly. to 
the neareft degree, neglecting the odd minutes of 
that degree. It’s ufe is only to affift in the the. 
thod of making a general Equation Table from 
the two fore-mentioned Tables of Equation de- 
pending on the Sun’s Place and Anomaly, § 229, 
241; concerning which method we thall give 4 
Tew examples prefently. The next following 
Tables are. made from thofe two; and fhew the 
ablolute Equation of Time refulting from the 
combination of both it’s caufes; in which the 
minutes, as well as degrees, both of the Sun’s 
Place and Anomaly are confidered. The ufe of 
thefe Tables is already. explained, § 2263 and'they 
ferve for every day in .Leap-year, and the firft; 
fecond, and third years after: For on motft of the ” 
ame days of all thefe years the Equation differs, 

€caufe of the odd fix hours more than the 365 
days of which the year confitts. 


+0 EXampie I. On the 15th of April, the Sun is paaeiples 
in ’ : - . ; x ng 
in the 25th degree of y» Aries, and his Anomaly ye varicn 
IS 9 Signs 15 Degrees; the Equation refulting Tabies. 
L 


2 from 
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from the former is 7 minutes 23 feconds of time 
too faft, § 229; and from the latter, 7 minutes 
27 feconds too flow, § 241; the difference is 4 
feconds that the Sun is too flow at the noon of 
that day; taking it in grofs for the degrees of the 
Sun’s Place and Anomaly, without making pro- 
portionabie allowance for the odd minutes, 
Hence, at noon the {wiftnefs of the one Equation 
balancing fo nearly the flownefs of the other, 
makes the Sun and Clocks equal on fome part 
of that day. 


Exampce IJ. Onthe 16th of June, the Sun is 
in the 25th degree of om Gemini, and his Ano- 
maly is 11 Signs 16 Degrees; the Equation arifing 
from the former is 1 minute 48 feconds too faft; 
and from the latter 1 minute 50 feconds too flow 3 
which balancing one another at noon to 2 feconds, © 
the Sun and Clocks are again equal on that day, 


Exampte III. On the 3rft of 4ugu/t, the Sun’s 
place is 7 degrees 52 minutes of +g Virgo (which 
we call the 8th degree, as it is fo near) and his 
Anomaly is 2 Signs o Degrees; the Equation ari+~ 
fing from the former is 6 minutes 41 feconds tog 
flow; and from the latter 6 minutes 39 feconds 
too faft; the difference being only 2 feconds too 
flow at noon, and decreafing towards an equality, — 
will make the Sun and Clocks equal in the afters 
noon of that day. | a 


Exampie IV, On the 23d of December, the 
Sun’s place is 1 degree 41 minutes (call it 2 de- 
erees) of yp Capricorn, and his Anomaly is 5 Signs 
- 23 Degrees; the Equation for the former is 43 

feconds too flow, and for the latter 58 feconds too — 
faft; the difference is 15 feconds too faft at noon; — 
which decreafing will come to an equality, and fo — 
‘make the Sun and Clocks equal in the evening of © 
that day. | oy noe 


And 


| 
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And thus we find, that on fome part of each of 
the above-mentioned four days, the Sun and Clocks 


are equal; but if we work examples for all other’ 


days of the year, we fhall find them different, And, 
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244. On thofe days which are equidiftant from Remark, 


any Equinox or Solftice, we do not find that the 
Equation is as much too faft or too flow, on the 
one fide, as it is too flow or too faft on the other, 
The reafon is, that the line of the Apfides, § 238, 
does not, at prefent, fall either into the Equinoétial 
or Solftitial points, § 242, 


The four following Equation Tables, for Leap- The Soe 
qua- 
n Tables 


year, and the firft, fecond, and third years after 


w 
9 tio 


would ferve for ever, if the Sun’s Place and Ano- are but tene- 


maly were always the fame on every given day of °°" 


the year as on the fame day four years before or 


after. But fince that is not the cafe, no general 
Equation Tables can be fo conftruéted as to be. 


perpetual. 


C Tt AF... XIV, 
Of the Precefiion of the Equinoxes, 


246. YT has been already obferved, § 116, that 
] by the Earth’s motion on it’s Axis, there 

is more matter accumulated all around the equa- 

toreal parts than any where elfe on the Earth. 


The Sun and Moon, by attracting this redun- » 


dancy of matter, bring the Equator fooner under 
them in every return towards it, than if there was 
no fuch accumulation. ‘Therefore, if the Sun fets 
out, as from any Star, or other fixed point in the 
Heavens, the moment when he is departing from 
the Equinoétial or from either Tropic, he will come 
to the fame Equinox or Tropic again 20 min. 175 
fec. of time, or 50 feconds of a degree, before he 
compleats his courfe fo, as to arrive at the fame 
fixed Star or Point from whence he fet aut, F Or, 

- L 3 the 
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nae the Equinoctial points recede 50 feconds of a de- 


Fig. IV. 


gree weftward every year, contrary to the Sun’s 


annual progreffive motion. 

When the Sun arrives at the fame * EquinoGtial 
or Solftitial point, he finifhes what we’ call the 
Tropical Year ; which, by obfervation, is found to, 
contain 365 days 5 hours 48 minutes 57 feconds.;. 
and when he arrives at the fame fixed Star again, , 
as feen from the Earth, he compleats the. Sydereat: 
Year, which contains 365 days 6 hours g minutes 
14; feconds. T he Sydereal Year is therefore 20 
minutes 174 feconds longer than the Solar or Tro- 
pical year, and 9 minutes 144 feconds longer than 
the Julian or Civil year, which we ftate.at 365 days, 
6 hours: fo that the Civil year is almoft a mean 
betwixt the Sydereal and Tropical. 

247. As the Sun defcribes the whole Ecliptic,. 
or 360 degrees, in.a Tropical year, he. moves. 
59 8” of a “degree every day at a mean rate ; and 
confequently 50° of a degree in 20 minutes 174 
feconds of time: therefore, he will arrive at the 
fame Equinox or Solftice when he is 50” of a 
degree fhort of the fame Star or fixed point in the 
Eleavens from which he fet out in the year before. 
So that with refpect to the fixed Stars, the Sun and © 
Equinoétial points fall back (as it were) 30 degrees _ 
in 2160 years; which will make the Stars appear ~ 
to have gone 30 deg: forward,, with refpeét to the 
Signs of the Ecliptic in ‘that time: for the fame. 
Signs always keep in the fame points of thé Edlip-) 
tic, without regard to the Conitellations,, | 

To explain ‘this by a Figure, let the Sun bei in 
Conjunétion with a fixed Star at S, fuppofe in the» 
30th degree of ¥, on the 21ft day of May 1756... 
1 hen making 2169 revolutions through the es 


* The two oppofite moti in ts the Ecliptic croffes t 
Fquinodtial, are called the Equine(tial points: and the two points 
where the Ecliptic touches the ‘Tropics’ (which are likewife © 
oppofite, and go a ighing from the Haba: are called "8 “ a 
ih, ih at iy i 10 123 “ 


wens, both in Motion and Time; and the Antic 
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tic VIX, at the end of fo many Sydereal years, 
he will be found again at §: but at the end of fo 


many Julian years, he will be found at MW, fhort of 


S: and at the end of fo many Tropical years, he 
will be found fhort of AZ, in the 30th deg. of Tau- 


‘rus at J, which has receded back from S to T in 
‘that time, by the Preceflion ef the Equinoétial — 
points » Aries and = Libra. The Arc ST will 


be equal t6 the amount of the Preceffion of the: 
Equinox in 2160 years, at the rate of 50” of a de- 
gree, OF 20 min. 174 lec. of time, annually : this, 


in fo many years, makes 30 days 103 hours; which. — 


is the difference between 2160 Sydereal and Tro- 


pical years: And the Arc MT will be equal to - 


the {pace moved through by the Sun in 2160 times 
11 min. 3 fec. or 16 days 13 hours 48 minutes, 


which is the difference between 2160 Julian and — 


Tropical years. 

248. From the fhifting of the Equinodial points, 
and with them, all the Signs of the Ecliptic, it fol-. 
lows that thofe Stars which in the infancy of Aftro- 
nomy were in Aries are now got into Taurus; thole 
of Taurus into Gemini, &c. Hence likewife it is, 
that the Stars which rofe or fet at any particular 


feafon of the year, in the times of Hesrop, Eu- — 


poxus, Virein, Priyy, &c. by no means anfwer 
at this time to their defcriptions: The preceding 
Table fhews the quantity of this fhifting both in 


the Heavens and on the Earth, for any number of — 
years to 25,9203; which compleats the grand celef- — 
tial period: within which any number and it’s quan- 


tity is eafily found; as in the following example, 
for 5763 years; which at the Autumnal Equinox, 


- A, D. 1756, is thought to be the age of the world, 


So that with regard to the fixed Stars, the Equi: 
noctial points in the Heavens, have receded 
2° 20° 2/ 30” 
as the Sun moves in 8145" 0" 52°, And fince’ 
that me, or in 5763 years, the Fiquinoxes with 


‘ 
\ a 


bi 


fince the creation; which is as much _ 
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us have fallen back 44* 5° 21™ 9°; hence, reckon- 
ing from the time of the ulian Equinox, 4. D. 
1756, viz. Sept. 11th, it appears that the Autum- 


nal Equinox at the creation was on the 25th of 


Of ober. i 


Preceflion of the Equinoctial Points 
in the Heavens. 


Anticipation of 
the Equinoxes 
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249. The anticipation of the Equinoxes, and 
conlequently of the Seafons, is by no means owing 


The antici- 
pationof the 
Equinoxes 


to the Preceffion of the Equinoétial and Solftitia] 294 Seafons. 


points in the Heavens (which can only affect the 
apparent motions, places and declinations of the 
fixed Stars) but to the difference between the Civil 
and folar year, which is 11 minutes 3 feconds ; 
the Civil year containing 365 days 6 hours, and 
the Solar year 365 days 5 hours 48 minutes 57 
feconds. The following Table fhews the lenoth, 

and confequently the difference of any number 
of Sydereal, Civil, and Solar years from 1 to 
10,000. 

250. The above 11 minutes 3 feconds, by which 
the Civil or Julian year exceeds the Solar, amounts 
to 11 days in 1433 years: and fo much our {fea- 
fons have fallen back with refpect to the days of 
the months, fince the time of the Nicene Council 
in 4. D. 324, and therefore in order to bring back 
at the Faits and Feftivals to the days then fettled, 

it 


The reafon 
for altering 
the Style, 
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PLATE it was requifite to fupprefs 11 nominal days. And 
“t-  that the fame feafons might be kept to the fame 
times of the year for the future, to leave out the 
Biffextile-day in February at the end of every cen- 
tury of years not divifible by 4; reckoning them 
only common years, as the r7th, 18th, and 19th 
centuries, vz. the years 1700, 1800, 1900, €Fe, 
becaufe a day intercalated every fourth year was 
too much, and retaining the Biffextile-day at the 
end of thofe Centuries of years which are divifible — 
by 4, as the 16th, 20th, and 24th Centuries; v7z. 
the years 1600, 2000, 2400, ec. Ocherwife, in 
length of time the feafons would be quite reverfed 
with regard to the months of the year; though it 
would have required near 23,783 years to have — 
brought about fuch a total change. If the Earth : 
had made exactly 365-2 diurnal rotations on it’s Axis, — 
whilft it revolved from any Equino@tial or Solftitial 
point to the fame again, the Civil and folar years 
would always have kept pace together; and the 
Style would never have needed any alteration... 


The Precef- _ @51, Ffaving already mentioned the caufe of the 
put the | Preceffion of the Equinoctial points in the Heavens, 
quinoctia ; hei: 
points,  § 246, which occafions a flow deviation of the _ 
Earth’s axis from it’s. parallelifm, and thereby.ay 
change of the declination of the Stars from the 
Equator, together with a flow apparent motion of _ 
the Stars forward with refpect to the Signs of the. 
Ecliptic ; we fhall now defcribe the Phenomena by. 
a Diagram. yt 
Fig VIE Let WZSVL be the Earth, SONA it’s Axis pro- 
duced to the ftarry Heavens, and terminating in 4, 
the prefent north Pole of the Heavens, which is. _ 
vertical to NV the north Pole of the Earth. Let — 
HOQ be the Equator, 7's Z the Tropic of Cancer, _ 
and VI the Tropic of Capricorn: VOZ the 
Ecliptic, and BO it’s Axis, both which are immove-._ 
3 | able | 
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able among the Stars. But, as *. the Equinodtial 
‘points recede in the Ecliptic, the Earth’s Axis 
SOW is in motion upon the Earth’s center O, in 
in fuch a manner, as to defcribe the double Cone 
NOn and SOs, round the Axis of the Ecliptic BO, 
in the time that the Equinoétial points move 
quite round the Ecliptic, which is 25,920 years; 
and in that length of time, the north Pole of the 
Earth’s Axis produced, defcribes the Circle 
ABCDA inthe ftarry Heavens, round the Pole 
‘of the Ecliptic, which keeps immoveable in the 
-genter of that Circle. The Earth’s Axis being 23+ 
degrees inclined to the Axis of the Ecliptic, the 
Circle ABC DA defcribed by the north Pole of 
the Earth’s Axis produced in 4, is 47 degrees in 
diameter, or double the inclination of the Earth’s 
Axis. In confequence of this, the point 4, which 
at prefent is the north Pole of the Heavens, and 
near to a Star of the fecond magnitude in the tail 
of the conftellation called the Little Bear, muft be 
deferted by the Earth’s Axis; which moving back- 
wards a degree every 72 years, will be directed 
towards the Star or Point B in 6480 years hence: 
and in double of that time, or 12,960 years, it 
will be directed towards the Star or Point C; 
which will then be the north Pole of the Heavens, 
although it is at prefent 84 degrees fouth of the 
Zenith of London L. The prefent pofition of the 
Equator EO 9, will then be changed into eOg, 
the Tropic of Cancer Zo5Z into Vi, and the 
Tropic of Capricorn VT vp into typ Z, as is evi- 
dent by the Figure. And the Sun, in the fame 
part of the Heavens where he is now over the 


* The Equinoétial Circle interfe&ts the Ecliptic in two op- 
pofite points, called Aries and Libra, from the Signs which al- 
ways keep in thefe points: They are called the Equinoctal 
Points, becaufe when the Sun is in either of them, he is di- 
rectly over the terreftrial Equator; and then the days and nights 
are equal, a Seat 
ms 5 earthly 
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earthly Tropic of Capricorn, and makes the fhortett 
days and longeft nights in the Northern Hemi- 
{phere, will then be over the earthly Tropic of 
Cancer, and make the days longeft, and nights 
fhorteit. So that it will require 12,960 years yet 
more, or 25,920from the then prefenttime, to bring _ 
the north Pole N quite round, fo as to be directed 
toward that point of the Heloehe which jis ver- 
tical to it at prefent. And then, and not till then, 
the fame Stars which at prefent detcribe the Equa- 
tor, Tropics, and polar Circles, &%c. by the Earth’s 
diurnal motion, will defcribe them over again. 
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TABLE fewing the Time contained in any number of Syderea’, stan 
and Solar Years, from % to 10000. 


Sydereal Years. Julian Years. Solar Years. 
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A TABLE fhewines the Sun’s true Place, ang TDiftance 
from his Apogee, for the fecond Year after Leap-year. ee 
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Se = 
A TABLE fhewing the Sun’s true Place, and Diftance 
from his Apogee, for the fecond Year after Leap-year, 
Wray te Tone | July Augutt 
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A TABLE of the Equation of natural Days, fhewing what ‘Time 
it ought to be by. the Clock: when the Sun is on the Meridian. 


The Biflextile, or Leap-year. 
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A TABLE of the Equation of natural Days, thewing what Time 
it ought to be by the Clock when the Sun is on the Meridian. 


The Biffextile,.or Leap-year. 
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A ti A B L E of the Equation of natural Days, fhenine Via Fite 
} _ it ought to be by the Clock when the Sun i is on. the Mendeat 


The Biffextile, or Leap- -year. 
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* Of the Moon's Phafes 
CHAP. XV. 
re He Moon's fhrface mountainous: Her Phafes deferi- 
_ bed: Her path, and the paths of “Jupiter's Moons 
delineated: The proportions of the Diameters of- 


their Orbits, and thofe of Saturn's Moons, to each 
other , and to the Diameter of the Sun. 


252. 4% y Y looking at the Moon oe an ordinary 

telefcope, we perceive that her furface is 
diverfified with long traéts of. prodigious high 
mountains and deep cavities. Some of her moun- 
tains, by comparing their height with her diameter 
(which is 2180 miles) are found to be three times. 
higher than the higheft hills on our,Farth. ‘This 
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PLATE 
Vil. 


The Moon’s 


rugeednels of the Moon’s furface is. of great ufe Uace 


mountaine 


to us, by reflecting the Sun’s light to all fides: forous, — 


if the Moon were fmooth and polifhed like a 
looking-glafs, or covered with water, fhe could 
never diftribute the Sun’s light all round; only in 
fome pofitions fhe would fhew us his image, no 
bigger than a point, but with fuch a luftre as 
would be hurtful to our eyes. 

253. The Moon’s furface being fo uneven, many 
have wondered why her edge appears not jagged, 
as well as the curve bounding the light and dak 
places. But if we confider, that what we callth 
edge of the Moon’s Difc is not a fingle, dine % 
round with mountains, in which cafe 1 it would ap- 
pear irregularly indented, but a large Zone having 
many mountains lying behind one another from 
_the obferver’s eye, we fhall find that the mountains 
in fome rows will be oppofite to the vales in others, 
and fo fill up the inequalities as to make. her ap- 


hills appear 
on her edge. 


pear quite round: juftas when one looks at an- 


orange, although it’s roughnefs be very difcernible 
on the fide next the eye, efpecially if the Sun ora 
Candle fhines HE, on that fide, -yet the, line 

i terminating 
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PLATE terminating the vifible part ftill. appears {fmooth 
vil. . and even. oR Ak a Sa why | 

heMoon 254. As the Sun can only enlighten, that, half 
as notwi- .¢ . ye Ses ae AAs BOD he a A apy 
ight. | OF the Earth which is at any moment turned to- 
wards him, and being withdrawn fromthe oppo- 
fite half, leaves ic in darknef§; fo he likewife | bch 

to the Moon: only with this difference, that the 

Farth being furroanded by an Atmofphere, and 

_ the Moon having none, we have twilight after the 

Sun fets; but the Lunar inhabitants have an im- 
mediate tranfition from the brighteft Sun-thine to 

Fig. the blackeft darknefs, § 177. Fot, let sr ks w be 
the Earth, and '4,B,C,D,E,F,G,H the Moon in 
eight different parts of her Orbit. As the Farth 

__turns round its Axis, from weft to eaft, when any 

,place comes to’7 the twilight begins there, and 

when it revolves from thence to 7 the Sun § rifes’; 

when the place comes to s the Sun fets, ‘and when 

it. comes to w the twilight ends. “But as the Moon 

turns round her Axis, which is only once a month, 

the moment that any point of her furface comés 
tor (fee the Moon at G) the ‘Sun rifes there with-- 

out any previous warning by twilight; and when 

the fame point comes to s the Sun fets, and that 

point goes into darknefs as black as at midnight: — 
TheMoon’s 255. The Moon being an opaque fpherical body 
Phales. (for her hills take off no more from her roundnefs 
than the inequalities on the furface of an orange 

takes off from it’s roundnefs) we can only fee that 

part of the enlightened half of her which is towards 

the Earth. And therefore, when the Moon 1s at 

A, in conjunétion with the Sun S, her dark half 

is towards the Earth, and fhe difappears, as at a, 

there being no light on that half to render it vifi- 

ble. When fhe comes to her firft OGant at B, oF 

has gone an eighth part of her Orbit from her 
Conjunction, a quarter of her enlightened fide is 
towards the Earth, and fhe appears horned, as at 

b. When fhe has gone a quarter of her Orbit 

from between the Earth and Sun to C, fhe fhews 

us 
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us one half of her enlightened fide, as at c, and we 
fay; fhe is a quarter old. At D'he is in her fecond 
Oétant, and by fhewing us more of her enlight- 
ened fide fhe appears gibbous, as'at d. At E her 
whole enlightened fide is towards the Earth, and 
therefore fhe appears round, as at e, when we fay, 
It°isfull Moon. In her third Ogtant at F, ‘part 
of her dark fide being towards the Earth,’ fhe 
again appears gibbous, and is on the decreafe,. as 
at f.. At G we fee juft one half of her enlightened 
fide, and fhe appears half decreafed, or in her third 
Quarter, as at g. At H we only fee a quarter of 
her enlightened fide, being in her’ fourth Oétant, 
where fhe appears horned, as at 4. ‘And at 4, 
having compleated her courfe from the Sun to the 
Sun again, fhe difappears ; and we fay, it is New. 
Moon. Thus in going from 4 to E the Moon 
feems continually to increafe; and in going from 
E to A, to decreafe in the fame proportion ; ha+ 
ving like Phafes at equal diftances from 4 or £, 
but as feen from the Sun 8, fhe is always Full. | 
256. The Moon appears not perfectly round TheMoon’s 
when fhe is Full in the higheft or loweft part’of i ae 
her Orbit, becaufe we have not a full view of her Ay clears 
enlightened fide at that time. When Full in the" 
higheft part of her Orbit, a fmall deficiency: ap- 
pears on her lower edge; and the contrary when 
Full in the loweft part of her Orbit... danaliek 

257. It is plain by the Figure,. that when the'The Phats 
Moon changes to the Earth, thesFarth appearso ht 
Full to the Moon; and vice verfa. For when thecontrary. — 
Moon is at 4, New to the Earthy the whole en- 
_ lightened fide of the Earth is towards the Moon: 
and when the Moon is at £, Ful/ to the Earth, it’s 
dark fide: is towards her. ‘Hence a Wew Moon 
anfwers to a Full Earth, and a Full Moon to a 
New Earth. The Quarters are alfo reverfed to 
each other. H+. 

258. Between the third Quarter and Change, the an agree. 
Moon is frequently vifible in the forenoon, even 2's Pheao- 


TOT. 


5 when 


176 | Of the Moon's Phafes. 


when the Sun fhines; and then fhe affords us an 
opportunity of feeing a very agreeable appearance, 
wherever we find. a globular {tone above the level 

of the eye, as fuppofe on the.top of a gate. For, 

if the Sun fhines on the ftone, and we place our- 

felves fo as the upper part of the ftone may juft 

feem to touch the point of the Moon’s lowermoft 
horn, we fhall then. fee the enlightened part of 

the ftone exactly of the fame fhape with the Moon; 

horned as fhe is, and inclining the fame way, te 

the Horizon... The reafon is plain; for the Sun 
enlightens the ftone the fame'way as he does the 

Moon: and both being Giobes, when we put our- 

felves into the above fituation, the Moon and 

ftone have the fame pofition to. our eyes; and 
therefore we muft fee as much of. the illuminated 
"part of the one as of the other. Cy cao 
TheNon-  .259.. The pofition of the Moon’s Cufps, or a 
3 right line touching the points of her horns, is very 
what. differently inclined to the Horizon at different 
hours of the fame days of her age. Sometimes 

fhe ftands, as it were, upright on her lower horn, 

and then fuch a line is perpendicular to the Ho- 

rizon: when this happens, fhe is in what the Aftro- 

nomers call tle Nowagefimal Degree; which is the 

higheft point of’the Ecliptic above the Horizon 

~ at that time, and is go degrees from both fides 

of the Horizon where it is then cut by the Ecliptic, 

But this never happens when the Moon is onthe. 
Meridian, except when fhe is at the very begins 

ning of Cancer or Capricorn, c 
Howtbein = 960, ‘The inclination of that part of the Ecliptic 
the Ecliptic to the Horizon in which the Moon is at any time 
may be = when horned, may be known by the pofition of 


found by the rs : : ; : : 
pofition of her horns; for a. right line touching their points 


yas Moon's is perpendicular to the Ecliptic. “And as the 
angle that the Moon’s Orbit makes with the 
Ecliptic can never raife her above, nor deprefs her 
‘below the Ecliptic, more than two minutes of a 
degree, as feen from the Sun; it can have no 
fenfible 
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fenfible effect upon the. pofition of her horns. priate 
Therefore, if a Quadrant be held up, foas one ‘!" 
of it’s edges may feem to touch the Moon’s horns, . 
the graduated. fide being kept towards the eye, 
and as far from the eye as it can be conveniently 
held, the arc between the Plumb-line and that 
edge of the Quadrant which feems to touch the 
Moon’s horns will fhew the inclination of that part 
of the Ecliptic to the Horizon. And the arc be- 
tween the other edge of the Quadrant and Plumb- 
line will fhew the inclination of the Moon’s horns 
to the Horizon. dn PPM 

261. The Moon generally appears as large as Fie. 1. 
the Sun; for the Angle vé4, under which the ees 
Moon is feen from the Earth, is the fame with the: pear as big © 
Angle LkM, under which the Sun is feen from it.“ “Paaktiies 
And therefore the Moon may hide the Sun’s whole. 
Difc from.us, as fhe fometimes does in folar 
Eclipfes. The reafon why fhe does not eclipfe 
the Sun at every Change fhall be explained. after- 
wards. If the Moon were farther from the Earth, 
as at a, fhe could never hide the whole of the ~ 
Sun from us; for then fhe would appear under 
the Angle N&O, eclipfing only that. part of the 
Sun which lies between NV and O::.were fhe fill 
further from the Earth, as at .X, fhe would-appear: 
under the fmall angle TAY, like a {pot on the Sun, -* 
hiding only the part TV from our fightys-iyo) 1) t 

262. The Moon turns round her Axis: in the proof of | 
time that fhe goes round her Orbit ;:which as evi- A ee 
dent from hence, that a fpectator at? reft, awithougreund her 
the periphery of the Moon’s Orbit, would fee alt il Ae 
her fides turned regularly towards Him an. that.+? »o 
time. She turns round her Axis from any*Starto»’ | 
the fame Star again in 27 days 8 hours; trom the « 
Sun to the Sun again in 294 days: the former is 
the length of her fydereal day, and the latter the 
ength of her folar day. A body moving round 
the Sun would have a folar day in every revolution, 
without turning on its Axis; the fame as if it 

joc” N had 
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had kept all the while at‘reft, and the Sun moved 
round it: but without turning round it’s Axis it 
could never have one fydereal day, becaufe it 
would always keep the fame fide towards any 
eiven Star. oo 

Her periodi- 263. If the Earth had no annual motion, the 

Ron. Moon would go round it fo as to compleat a Luna- 

lution, tion, a fydereal, and a folar day, all in the fame 
time. But, becaufe the Earth goes forward in it’s’ 
Orbit while the Moon goes round the Earth in 
her Orbit, the Moon muft go as much more than 
round her Orbit from Change to Change in com- 
pleating a folar day, as the Earth has gone forward 
in it’s Orbit during that time, 2. e. almoft a ‘twelfth’ 
part of a Circle. | : 


Familiarly — 264. The Moon’s periodical and fynodical revo-. 
repetsote+ ution may be familiarly reprefented by the mo- 
tions of the hour and: minute hands of a watch 
round ‘it’s dial-plate, which i8 divided into 12° 
equal parts or hours, as the Ecliptic is divided into 
42 Signs, and the year into 12 months. Let us 
fuppofe thefe 12 hours to be 12 Signs, ‘the hour-: 
hand: the Sun, and the minute-hand the Moon; 
then the former will go round once ina year, and 
the latter once in a month; but the: Moon, or 
minute-hand, muft go more than round from any 
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point of the Circle where it was laft conjoined with 
the Sun, or hour-hand, to. overtake it again: for. 
the hour-hand being in motion, can never be over- 
taken by the minute-hand at that point from which 
they ftarted at their laft conjunction.” The firft 
column of the preceding Table fhews the number 
of conjunctions which the hour and minute-hand 
make whilft the hour-hand goes once round the 
dial-plate ; and the other columns thew the times 
When the two hands meet at every conjunction. 
Thus, fuppofe the two hands to be in conjunction 
at XII, as they always are; then, at the firft fol- 
lowing conjunction it is 5 minutes 27 feconds 16 
thirds 21 fourths 49," fifths paft I where they 
meet; at the fecond conjunction it is 10 minutes 
54 feconds 32 thirds 43 fourths 38% fifths paft IT; 
and fo on. This, though an eafy illuftration of 
the motions of the Sun and Moon, 1s not precife 
as to the times of their conjunctions; becaufe, 
while the Sun goes round the Ecliptic, the Moon 
makes 124 conjunctions with him; but the minute- 
hand of a watch or clock makes only 11 conjunc- 
tions with the hour-hand in one period round the 
dial-plate. But if, inftead of the common wheel- 
work at the back of the dial-plate, the Axis of the 
minute-hand had a pinion of 6 leaves turning a 
wheel of 74, and this laft turning the hour-hand, 
in every revolution it makes round the dial-plate, 
the minute-hand would make 12% conjunétions 
with it; and fo would be a pretty device for fhew- 
ing the motions of the Sun and Moon; eipecially, 
as the floweft moving hand might have a little 
Sun, fixed on it’s point, and the quickeft a little 
Moon. Befides, the plate, inftead of hours and 4 machine 
quarters, might have a Circle of months, with the } Bewins. 
12 Signs and their Degrees; and if a plate Of of the Sun 
2g! equal parts for the days of the Moon’s age *™* 0° 
were fixed to the Axis of the Sun-hand, and below 
it, fo as the Sun always kept at the half day of 
that plate, the Moon-hand would fhew the Moon’s 
WY 2 . age 


he 
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age upon that. plate for,every day pointed out by: 
the Sun-hand in the Circle of months.;, and both 
Sun and’ Moon would thew their places. in the 
Ecliptic: for the Sun would go round the Kcliptic 
in 365 Days; and the Moon in 27+ days, which 
is her periodical revolution; but from. the Sun to 
the Sun again, or from Change to, Change, in 
29% days, which is her fynodical revolution. 


TheMoon’s 265. Jf the Earth had no annual motion, the 
thoseh ~~ Moon’s motion round the Earth, and her track in 
open fpace abfolute fpace, would be always the fame*. But 
seferibed. 45 the Earth and Moon move round.the Sun, the 
Moon’s real path in the Heavens is very different 

from her vifible path round the Earth : the latter 

being in a progreffive Circle, and the former in 

acurve of different degrees of concavity, which 

would always be the fame in the fame parts of the 
Heavens, if the Moon performed. a compleat 
number of Lunations in a year without any thing 

over. | : aostort 

Anileaof 266. Let a nail in the end of the axle of a cha- 
Paces riot-wheel reprefent the Earth, and a pin in the 
Muon'ss nave the Moon; if the body of the chariot be 
propped up fo as to keep that wheel from touch- 

y. ing the ground, and the wheel be then turned 
round by hand, the pin will defcribe a Circle both 

round the nail and in the {pace it moves through. 

But if the props be taken away, the horfes put to, 

and the chariot driven over a piece of ground 

which is circularly convex; the nail in the axle 

will defcribe a circular curve, and the pin in the 

nave will {til defcribe a circle round the progref- 

jive nail in the axle, but not in the fpace through 

which it moves. In this cafe, the curve defcribed 

by the nail will-refemble in miniature as much of 


* In this place, we may confider the Orbits of all the | 
Satellites as circular, with refpeé to their primary Planets ; 
becaufe the excentricities of their Orbits are too fmall to affect : 
the Phenomena here defcribed. 
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the Earth’s annual path. round the Sun, as it def- ea 


cribes whilft the Moon goes as often round the 
Earth as the pin does round the nail: and the 
curve deferibed by the nail will have fome refem- 
blance of the Moon’s path during fo many Luna- 
tions. 

Let us now fuppofe that the radius of the cir- 
cular curve deferibed by the nail in the axle is to 
the radius of the circle which the pin in the nave 
defcribes round the axle as 3372 to 1; which is 
the proportion of the radius or femidiameter of the 
Farth’s Orbit to that of. the Moon’s; or of the 


Circular curve 71234567 B&c. to the little Fig. 


eifcle @; and then, whilft the progreffive nail def- 
cribes the faid curve from 4 to £, the pin will go 
once round the nail with regard to the center of 
it’s path, and in doing fo, will defcribe the curve 
abcde. The former will be a true reprefentation 
of the Earth’s path for one Lunation, and the 
Jatter of the Moon’s for that time. Here we may 
fet afide the inequalities.of the Moon’s motion, 
and alfo the Earth’s moving round it’s common 


center of gravity and the Moon’s: all which, if - 


they were truly copied in this experiment, would 
not fenfibly alter the figure of the paths defcribed 
by the nail and pin, éven though they fhould rub 
againft a plain upright furface all the way, and 
leave their tracks vifible upon it. And if the 
chariot was driven forward on fuch a convex piece 
of ground, fo as to turn the wheel feveral times 
round, the track of the pin inthe nave would ftill 
be concave toward the center of the circular curve 
deicribed by the pin in the axle; as the Moon’s 
path is always concave to the Sun in the center of 
the Earth’s annual Orbit. 

In this Diagram, the thickeft curve line ABCDE, 
with the numeral figures fet to it, reprefents as 
much of the Earth’s annual Orbit as it defcribes 
in 32 days from weft to eaft; the little circles at 
@, b, ¢, a, @ fhew the Moon’s Orbit in due propor- 
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tion to the Earth’s; and the fmalleft curve abedef 
reprefents the line of the Moon’s path in the Hea- 
vens for 32 days, accounted from any particular 
New Moon at a4. The Machine, Fig. 5th, is for 
delineating the Moon’s path, and will be defcribed, 
with the reft of my Aftronomical machinery, in 
the laft Chapter. The Sun is fuppofed to be in 
the center of the curve 41234567 B&c. and 
the fmall dotted circles upon it reprefent the 
Moon’s Orbit, of which the radius is in the fame 
proportion to the Earth’s path in this {cheme, that 
the radius of the Moon’s Orbit in the Heavens 
bears to the radius of the Earth’s annual path 
round the Sun; that 1s, as 240,000 to 81,000,000, 
Or as I tO 2377. ) 

When the Earth is at 4, the New Moon is at a; 
and in the feven days that the Earth defcribes the 
curve 1234567, the Moon in atcompanying ~ 
the Earth defcribes the curve a; and is in her 
firft Quarter at 8 when the Earth is at B. As the 
Farth defcribes the curve B 8 9 10 I1 12 13 14, 
‘the Moon defcribes the curve Dc; and is at c, 
oppofite to the Sun, when the Earth is at C. - 
Whilft the Earth defcribes the curve C 15 1617 . 
18.19 2021 22, the Moon defcribes the curve ¢d; 
and is in her third Quarter at d when the Earth is — 
at D. Once more, whilft the Earth defcribes the 
curve D 23 2425 2627 28 29, the Moon defcribes — 
the curve de; and is again in conjuction at e with 
the Sun when the Earth is at Z, between the 29th 
and goth day of the Moon’s age, accounted by 
the numeral Figures from the New Moon at Z. 
in defcribing the curve a 4 ¢ de, the Moon goes 
round the proereffive Earth as really as if fhe had 
kept in the dotted Circle 4, and the Earth con- 
tinued immoveable in the center of that Circle. 

And thus we fee, that although the Moon goes 
round the Earth in a Circle, with refpeé to the 
Farth’s center, her real path in the Heavens is not 
very different in appearance from the Earth’s ah 

hig. 
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To fhew that: the Moon’s path is concave to the 
Sun, even at the time of Change, it is carried on 
a little farther into a fecond Lunation, as to f. 
267. Lhe Moon’s abfolute motion from her 
Change to her firft Quarter, or from a to 3, is fo 
much flower than the Earth’s, that the falls 240 
thoufand miles (equal to the femidiameter of her 
Orbit) behind the Earth at her firft Quarter in 2, 
when the Earth is in B; that is, the falls back a 
fpace equal to her diftance from the Earth. From 
that time her motion is gradually accelerated to 
her Oppofition or Full at ¢, and then fhe is come 
up as far as the Earth, having regained what fhe 
loft in her firft Quarter from ato. From the 
Full to the Jaft Quarter at d her. motion continues 
accelerated, {0 as to be juft as far before the Earth 
at D, as fhe was behind it at her firft Quarter in 
6. But, from d to ¢ her motion is retarded fo, 
that fhe lofes as much with refpeét to the Earth 
as is equal to her diftance from it, or to the femi- 
diameter of her Orbit; and by that means fhe 
comes to e, and is then in conjun@ion with the 
Sun as feen from the Earth at E. Hence we find, 
that the Moon’s abfolute motion is flower than 
the Earth’s from her third Quarter to her firft ; 
and {wifter than the Karth’s from her firft Quarter 
to her third: her path being lefs curved than the 
Karth’s in the former cafe; and more in the latter. 
Yet it is {till bent the fame way towards the Sun; 
for if we imagine the concavity of the Earth’s 
Orbit to be meafured by the length of a perpen- 
dicular line C g, let down from the Earth’s place 
upon the ftraight line Og dat the Full of the 
Moon, and connecting the places of the Earth at 
the end of the Moon’s firft and third Quarters, 


How her 
motion is 
alternately 
retarded and 
accelerated. 


that length will be abeut 640 thoufind miles; and - 


the Moon when New only approaching nearer to 
the Sun by 240 thoufand miles than the Earth is, 
the length of the perpendicular let down from her 


piace at that time upon the fame ftraight line, and. 
N 4 ~ which 
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A difficulty 


removed. 
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which fhews the concavity of that partof her path, 
will be about 400 thoufand miles, ai 2 


268. The Moon’s path being concave to’ the 
Sun throughout, demonftrates that her gravity 
towards the Sun, at her Conjunétion, exceeds her 
eravity towards the Earth. And if we confider 
that the quantity of matter in the Sun is almoft 
230 thoufand times as great as the quantity of 
matter in the Earth, and that the attraction of each 
body diminifhes as the fquare of the diftance from 
it increales, we fhall foon find, that the point of 
equal attraction between the Earth and the Sun, 
is about 7o thoufand miles nearer the Earth than 
the Moon is at her Change. It may now appear 
furprifing that the Moon does not abandon the 
Earth when fhe is between it and the Sun, becaufe 
fhe is confiderably more-attracted by the Sun than 
by the Earth at that time. But this difficulty 
vanifhes when we confider, that a common impulfe 
on any fyftem of bodies affects not their relative . 
motions; but that they will continue to attraét, — 
impel, or circulate round one another, in the fame 
manner as if there was no fuch impulfe. The 
Moon is fo near the Earth, and both of them fo 
far from the Sun, that the attractive power of the 
Sun may be confidered as equal on both: and 
therefore the Moon will continue to circulate round 


the Earth in the fame manner as if the Sun did 


not attract them at all: like bodies in the cabbin 
of a fhip, which move round or impel one another 
in the fame manner when the fhip is under fail, 
as when it is at reft; becaufe they are all equally 
affe€ted by the comman motion of “the fhip. « If 
by any other caufe, fuch as the near approach of 
a Comet, the Moon’s diftance from the Earth 
fhould happen to be fo much increafed, that the 
difference of their gravitating forces towards the 
Sun fhould exceed that of the Moon towards the 
Barth; in that cafe, the Moon, when in conjunc- 
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tion, would abandon the Earth, and be either PLATE 
drawn into the Sun, or Comet, or circulate round 
about it. 


269. The curves which Jupiter’s Satellites de- 
{cribe, are all of different forts from the path 
defcribed by our Moon, although thefe Satellites 
go round Jupiter, as the Moon goes round the | 
Barth. Let 4BC DE &c. be as much of Jupi- Fig. ur 
ter’s Orbit as he defcribes in 18 days from 4 to T 5 
and the curves 4, 0, c,d will be the paths of his 
four Moons going round him in his progreffive 
motion. 


é 


Now let us fuppoft all thefe Moons to fet out from The abfo- 
a conjunction with the Sun, as feen from Jupiter Pah of 
at 4; then, his firft or neareft Moon will be at a, napa 
his fecond at 2, his third at c, and his fourth at d, its éclise- 
At the end of 24 terreftrial hours after this con- = 
junction, Jupiter has moved to £, his firft Moon 
or Satellite has defcribed the curve a1, his fecond 
the curve #1, his third ¢1, and his fourth dt. 
The next day, when Jupiter is at C, his firft Satel- 
lite has defcribed the curve 42, from its conjunc- 
tion, his fecond the curve 42, his third the curve. 
¢2, and his fourth the curve d2, and foon. The — 
numeral Figures under the capital letters fhew 
Jupiter’s place in his path every day for 18 days, 
accounted from 4 to 7; and the hike Figures fet 
to the paths of his Satellites, fhew where they are 
at the like times. The firft Satellite, almoft under 
C, is ftationary at 4- as feen from the Sun; and 
retrograde from + to 2: at 2 it appears ftationary 
asain, and thence it moves forward until it has 
patt 3, and is twice ftationary,’ and once retro- 
‘grade, between 3 and 4. The path of this Satel- 
lite interfeSts itfelf every 424 hours, making fuch 
loops as in the Diagram at 2. 3. 5. 7. 9. 10. 12. 
14. 16. 18, a little after every Conjunction. The 
fecond Satellite 4, moving flower, barely crofies it’s 
path every 3 days 13 hours, as at 4.7. 14.14. 18, 
7 making 
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making only five loops and as many conjunctions 
in the time that the firft makes ten.. The third © 
Satellite ¢ moving ftill flower, and having defcribed 
the, curve-¢.1-1: ny 4. 5. 6. 7, comes to an angle 
at 7 in conjunction with the Sun at the end of 7 
days four hours; and fo goes on to defcribe eich 
another curve 7. 8.9. 10. 11. 12. 13. 14, and is 
at 14 in it’s next conjunction. The fourth Satel- 
jite d is always progreflive, making neither: loops 
nor angles in the Heavens; but comes to it’s next 
conjunction at e between the numeral figures 16 — 
and 17, or i 16 days 18 hours. In order to have 
a tolerably Bone figure of the paths of thefe Satel- 
lites, I took the following method. 

Flaving drawn their Orbits on a Card, in pro- 
portion to their relative diftances from Jupiter, I - 
meafured the radius of the Orbit of the fourth 
Satellite, which was an inch and 434, parts of an 
inch; then multiplied this by 424 for the radius 
of Jupiter’ s Orbit, becaufe Jupiter is 424 times as 
far from the Sun’s center as his fourth Satellite is 
from his centers and the product thence arifing 
was 483+o%5 inches, ‘Then taking a {mall cord of - 
this leneth, and fixing one end of it to the floor 
of a long room by a nail, with a black-lead pencil 
at the other end I drew the curve ABCD &c. and . 
fet off a degree and a half thereon, from / to T; 
becaufe Jupiter moves only fo much, whilft his 
outermoft Satellite goes once round him, and 
fomewhat more; fo that this {mall portion of fo 
Jarge a circle differs but very little from a ftraight 
Jine.. This done, I divided the {pace 4T into 18 
equal parts, as 4B, BC, &c. for the daily pro- 
erefs of Jupiter; and each part into 24 for his 
hourly progrefs. The Orbit of each Satellite was 
alfo divided into as many equal parts as the Satel- 
lite is hours in finifhing it’s fynodical period round 
Jupiter. Then drawing aright line through the 
center of the Card, asa diameter to all the four 
Orbits upon It, I put the card upon the line of 

Jupiter’s 
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Jupiter’s motion, and transferred it toevery horary PLATE 
divifion thereon, keeping always the {aid diameter- y 
—Jine on the line of Jupiter’s path; and running a 
pin through each horary divifion in the Orbit of 
each Satellite as the card was gradually transferred 
alone the line 4B CD &c. of Jupiter’s motion, I 
marked points for every hour through the Card 
for the Curves .defcribed by the Satellites, as the 
primary Planet in the center of the Card was car- 
ried forward on the line: and fo finifhed the 
Figure, by drawing the lines of each Satellite’s 
motion through thofe (almoft innumerable) points ; 
by which means, this is perhaps as true a Figure 
of the paths of thefe Satellites as can be defired, 44 2 
And inthe fame manner might thofe for Saturn’s 
Satellites be delineated. | 

270. It appears by the fcheme, that the three The grana 
firft Satellites come almoft into the fame line or ae 
pofition every feventh day; the firft being only a Moons. 
little behind with the fecond, and the fecond be- 
hind with the third. But the period of the fourth 
Satellite is fo incommenfurate to the periods of 
the-other three, that it cannot be guelled at by 
the diagram when it would fall again into a line 
of conjunction with them, between Jupiter and 
the Sun. And no wonder; for fuppofing them all 
to have been once in conjunétion, it will require 
3,05 7,043,493,260 years to bring them in con- 
junction again. See § 73. 

271.‘in Fig. 4th we have the proportions of fs. !V- 
the Orbits of Saturn’s five Satellites, and of Ju- tionsof the 
piter’s four, to one another, to our Moon’s Orbit, tie Re 
and to the Diic of the Sun. ' S is the Sun; M m Satellites, 
the Moon’s Orbit (the Earth fuppofed to be at Z;) 
F Jupiter; 1. 2. 3.4 the Orbits of his four 
Moons or Satellites; Saf Saturn; and 1.2. 3. 4. 
the Orbits of his five Moons. Hence it appears, 
that the Sun would much more than fill the whole 
Orbit of the Moon; for the Sun’s diameter is 
763,000 miles, and the diameter of the Moon’s 
| “ Orbit 
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Orbit only 480,000. In proportion to all thefe 
Orbits of. the Satellites, the radius of Saturn’s 
annual Orbit would be 21% yards, of Jupiter's 
Orbit 1:4, and of the Earth’s 24, taking them in 
round numbers. ‘a 

272. The annexed table fhews at once what 
proportion the Orbits, Revolutions, and Veloci- 
ties, of all the Satellites bear to thofe of their 
primary Planets, and what fort of curves the feveral 
Satellites defcribe. For, thofe Satellites whofe ve+ 
locities round their Primaries are greater than the 
velocities of therr Primaries in open fpace, make 
loops at their conjunctions, § 269; appéaring te- 
trograde as feen from the Sun whilft they defcribé 


_ the inferior parts of their Orbits, and dire whilft 


they defcribe the fuperior, This is the éafe with 
Jupiter’s firft and fecond Satellites, and with Sa- 
turn’s firft. But thofe Satellites, whofe velocities 
are lefs than the velocities of their primary Planets, 
move direct in their whole circumvolutions ; which 
is the cafe of the third and fourth Satellites of Fu- 
piter, and of the fecond, third, fourth, and fifth 
Satellites of Saturn, as well as of our Satéllite the 
MVioon: But the Moon is the only Satellite whofe 
motion is always concave to the Sun. There is a 
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table of this fort in De /a Caille’s Aftronomy, but 
it is very different from the above, which I have 
computed from our Exgli/h accounts of the periods 
and diftances of thefe Pianets and Satellites, 


OID. \ci RT: 


The Phenomena of the Harveft-Moon. explained by a 

common Globe: The years in which the Harveft- 

Moons are leafi and moft beneficial from 1751, to 
r861. The long duration of Moon-light at the 
Poles in winter. | 


273. 4 T is generally believed that the Moon rifes Ho Harvett. 
about 50 minutes later every day than on; 


the preceding; but this is true only with regard 
to places on the Equator. In places of confider- 
able Latitude there is a remarkable difference, 
efpecially in the harveft time; with which Farmers 
were better acquainted than Aftronomers till of 
late; and gratefully afcribed the early rifing of the 
Full Moon at that time of the year to the good- 
nefs of God, not doubting that he had ordered it 
fo on purpofe to give them an immediate fupply 
of Moon-light after fun-fet for their greater con- 
veniency in reaping the fruits of the Earth. 

In this inftance of the Harveft-Moon, as in-many 
others difcoverable by Aftronomy, the wifdom and 


beneficence of the Deity is confpicuous, who really 


ordered the courle of the Moon fo, as to beftow 
more or lefs light on all parts of the Earth as their 
feveral circumftances and feafons render it more 
or lefs ferviceable. About the Equator, where 
there is no variety of feafons, and the weather 
changes feldom, and at ftated times, Moon-light 
is not neceflary for gathering in the produce of 
the ground; and there the Moon rifes about 50 
minutes later every day or night than on the for- 
mer, At confiderable diftances from the Equator, 
where the weather and feafons are more uncertain, 
. the 
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the autumnal Full Moons rife very foon after fun= 
fet for feveral evenings together. At the polar 
circles, where the mild feafon is of very fhort 
duration, the autumnal Full Moon rifes at fun-fer’ 
from the firft to the third quarter. And at the 
Poles, where the Sun is for half a year abfent, the 
winter Full Moons fhine conftantly without fetting 
from the firft to the third quarter. 

It is foon faid that all thefe Phenomena are 
owing to the different Angles made by the Hori- 
zon and different parts of the Moon’s Orbit; and 
that the Moon can be full but once or twice in a 
year in thofe parts of her Orbit which rife with the 
leaft angles. But to explain this fubjeét intel- 
ligibly, we muft dwell much longer upon it. 

274. The * plane of the Equinoétial is perpen-' 
dicular to the Earth’s Axis: and therefore, as the 
Earth turns round it’s Axis, all parts of the Equi- 
noctial make equal Angles with the Horizon both 
at rifing and fetting; fo that equal portions of it 
always rife or fet in equal times. Confequently, if 


the Moon’s motion were equable, and in the Equi-. ° 


noctial, at therate of 12 degrees 11 min. from theSun 
every day, as itis in her Orbit, fhe would rife and 
fet 50 minutes later every day than on the prece- 
ding: for 12 deg. 11 min. of the Equinoétial rife 
or fet in 50 minutes of time in all Latitudes. _ 
275. But the Moon’s motion is fo nearly in the’ 
Ecliptic, that we may confider her at prefent as 
moving in it. Now the different parts of the’ 


Ecliptic, on account of it’s obliquity to the Earth’s 


Axis, make very different Angles with the Hori- 
zon as they rife or fet. ‘Thofe parts or Signs which’ 
rife with the {malleft Angles fet with the ecreateft, 
and wice versé.. In equal times, whenever this’ 
Angle is leaft, a greater portion of the Ecliptic 


rifes than when the Angle is larger; as may bé- 


feen by elevating the pole of a Globe to any con- 


* If a Globe be cut quite through upon any Circle, the flat 
furface where it is fo divided, is the plane of that Circle. — 


fiderable 
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fiderable Latitude, and then turning it round it’s pLare 
Axis in the Horizon. Confequently, when the ™ 
Moon is in thofe Signs which rife or fet with the 
fmalleft Angles, fhe rifes or fets ‘with the leatt dif. 
ference of time; and with the ereateft difference 
in thofe Signs which rife or fet with the ereatelt 
Angles. _. Fig, IIL, 
_ But, becaufe all who read this Treatife may not 
be provided with Globes, though in this cafe it is 
requifite to know how to ufe them, we fhall fub- 
ftitute the Figure of a globe; in which FUP is 
the Axis, = ZR the Tropic of Cancer, Lt w 
the Tropic of Capricorn, «= EU w the Ecliptic 
touching both the Tropics, which are 47 desrees 
from each other, and 4B the Horizon. The 
Equator, being in the middle between the Tro- 
pics, is cut by the Ecliptic in two oppofite points, 
which are the beginnings of » Aries and = Libra, 
Kis the Hour-circle with its Index, F the North 
Pole of the Globe elevated to a confiderable Lati- 
tude, fuppofe 40 degrees above the Horizon; and 
P the South Pole depreffed as much below it. riz. 1m. 
Becaufe of the oblique pofition of the Sphere in 
this Latitude, the Ecliptic has the high elevation’ 
N = above the Horizon, making the Angle The aiftr. 
NU s of 73+ degrees with it when os Cancer is Dae wee 
on the Meridian, at which time = Libra rifes in Ecliptic and 
the Eaft. But let the Globe be turned half round ""°™ 
it’s Axis, till yp Capricorn comes to the Meridian 
and y Aries rifes in the Kaft, and then the Eiclip- 
tic will have the low elevation NL above the 
Florizon, making only an Angle NUL of 26% 
degrees with it; which is 47 degrees lefs than the 
former Angle, equal to the diftance between the 
Tropics. 

276. In northern Iatitudes, the fmallett Angle 
made by the Ecliptic and Horizon is when Aries. 
tifes, at which time Libra fets: the greateft when Lead and 
Libra rifes, at which time Aries fets. From the hen,’ 
nifing of Aries to the rifing of Libra (which. is 

twelve 
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twelve * Sydereal hours) the angle increafes; and, 
from the rifing of Libra to the rifing of Aries it 
decreafes in the fame proportion. By this article 


and the preceding, it appears that the Ecliptic rifes 


fafteft about Aries, and floweft about Libra. _ 
babes 277. On the Parallel of London, as much of 
this Angle the Ecliptic rifes about | 
at London, Pifces and Aries in two 
hours as the Moon goes 
through in fix days: 
and therefore whilft the 
Moon is in thefe Signs, 
fhe differs but two 
hours in rifing for fix. 
days together; that is, 
about 20 minutes later 
every day or night than 
on the preceding, at.a 
mean rate. But in 
fourteen days after- 
wards, the Moon comes 
to Virgo and Libra, 
which are the oppofite 
Signs to Pifces. and 
Aries; and then fhe 
differs almoft | four 
_ times as much in rifing ; 
namely, one hour and 
about fifteen minutes 
later every, day or night 
than the former, whilft 
fhe is in thefe Signs. 
The annexed Table 
fhews the daily mean 
difference ofthe Moon’s 
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' * The Ecliptic, together with the fixed Stars, make 3661. 


_ apparent dinrnal revolutions about the Earth in a year; the 
Sun only 3651. ‘Therefore the Stars gain 3 minutes 56 feconds 


upon the Sun every day: fo that a Sydereal day contains only 


23 hours 56 minutes of mean Solar time; and a natural or 


Solar day 24 hours. Hence 1:2 Sydereal hours are 1 minute 
58 feconds fhorter than 12 Solar. | 
rifing 
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rifing and fetting on the Parallel of London, for pLatzut 
28 days; in which time the Moon finifhes her 
period round the Ecliptic, and gets 9 degrees into 
the fame Sign from the beginning of which the 
fet out. So it appears by the Table, that when 
the Moon is in m and & fhe rifes an hour and a 
quarter later every day than fhe rofe on the for- 
mer; and differs only 28, 24, 20, 18 or 17 minutes 
in fetting. But, when fhe comes to % and », - 
fhe is only 20 or 17 minutes later in rifing ; and 
an hour and a quarter later in fetting. 

278. All thefe things will be made plain by 
putting {mall patches on the Ecliptic of a Globe, 
as far from one another as the Moon moves from 
any Point of the celeftial Ecliptic in 24 hours, 
which at a mean rate is * 13% degrees; and then 
in turning the Globe round, obferve the rifing and 
fetting of the patches in the Horizon, as the Index 
points out the different times in the hour-circle. 
A few of thefe patches are reprefented by dots at 
Oo 1 2 3 &c. on the Ecliptic, which has the pofi- Fig. 111, 
tion LUT when Aries rifes in the Eaft; and by 
the dots © 1 2 3 &c. when Libra rifes in the Eaft, 
at which time the Ecliptic has the pofition EU i : 
making an angle of 62 degrees with the Horizon 
in the latter cafe, and an angle of no more than 15 
degrees with it in the former; fuppofing the Globe. 
rectified to the Latitude of London. : 

279. Having rectified the Globe, turn it until 
the patch at o, about the beginning of x Pifces in 
the half LU J of the Ecliptic, comes to the Eaftern 
fide of the Horizon; and then keeping the ball 
fteady, fet the hour-index to XII, becaufe shat 
hour may perhaps be more eafily remembered-than 
any other. Then, turn the Globe round. weft 


* The Sun advances almoft a degree in the Fclipticin 24 
hours, the fame way that the Moon moves: and therefore, the 
Moon by advancing 134 degrees in that time goes little more 
than 12 degrees farther from the Sun than fhe was on the day 


before, . 
| O ward, 
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ward, and® in. that time, fuppofe the patch..o: te 


have. moved thence to 1,.13¢ degrees, whilft the 


Earth turns once round it’s Axis, and you will fee 
that 1 rifes only about 20 minutes later than o did 
on the day before. Turn the Globe round again, 
and in that time fuppofe the fame patch to have 
moved: from 1 to 23. and it will rife only 20 
minutes later by the hour-index than it did at 1 on 
the day or turn before. At the end of. the next 
turn, fuppofe the patch to-have gone from 2 to 3 
at U, and it will rife 20 minutes later than it did 
at 2. And fo on for fix turns, in which time there 
will fcarce be two hours difference :. nor. would 
there have. been fo much if the 6 degrees of the 
Sun’s* motion in, that time had been allowed for, 
At the firft Turn the patch rifes fouth of the Eaft, 
at the middle Turn due Eaft, and at the daft Turn 
north of the Eaft. But thefe patches, will, beg. 
hours of fetting on. the weftern fide, of » the Hori- 
zon, which fhews that the, Moon will be:founuch 
later of fetting in that week’ in’ which, fhe moves © 
through thefe two-Signs., The caufe,of this dif 
ference is evident; for Pifces and Aries make only 
an Angle of 15 degrees. with the Horizon when 
they rife; but they make an Angle of 62 degrees 
with it when they fet. As the Signs. Taurus, Ge- 
mini, Cancer, Leo, Virgo, and Libra, rife fuc- 
ceflively, the Angle increafes. gradually which they 
make with the Horizon; and decreafes in the fame 
proportion as they fet. And for that reafon, the 
Moon ‘differs gradually. more.in the time of her 
rifing every day whilft fhe is in thefe Siens, and 
lefs. in her fetting : after which, through the other 
fix Signs, viz. Scorpio, Sagittary, Capricorn, Aqua- 
rius, Pifces, and Aries, the rifing difference be- 
comes lefs every-day, until it be at the leaft of all, 


a 


namely, in Pifces and Ariés. fc oe 
280. The Moon goes round the Ecliptic in'27 
days 8 hours; but not from Change to Change in 
lefs than 29 days 12 hours: fo that the is in Pifces 
6 and: 
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and Aries at eaft .oncé in every Lunation, ae in 
fome Liunations twice. 

281. If the Earth had’ no anntial motion, the Why the 
Sun would never appear to: fhift his) place in the cng eh 
Ecliptic. ‘And: then everys7New Moon’ would fall aifeent 
in the fame’ fign and degree of the Ecliptic, and Sigs. 
every Full Moon in the ‘oppofite : for the Moon 
would go precifely round the Ecliptic from Change 
to Change. » So: that.if the Moon was. once Full 
in Pifces, or Aries, fhe would always be Full when 
fhe came round to the fame Sign and Degree 
again. “Andvas the Full Moon rifes at Sun-fet 
(becaufe when any point of the Ecliptic fets, the 
oppofite point rifes) fhe would conftantly rife within 
two hours»of Sun-fet; on the parallel of London, 
during the week in which fhe were Full. But in 
the time «that the Moon goes round. the: Ecliptic 
from any ‘conjunction or oppolition, the Earth goes 
almoft a Sign forward; and therefore the Sun will 
feem to go as far formand in that time, namely, 
2a} degrees ; fo that the Moon muft go:.27%:de- 
grees more than round, and as much farther'as the 
Sun advances in that interval, which is 2%, de- 
grees, before the can be in conjunction. with, or 
oppofite to, the Sun again. Hence it ‘is evident, 
that there can be but one conjunction or oppofition 
of the Sun and Moon ina year in any particular 
part of the Ecliptic. This: may be familiarly ex- Her perioai. 
emplified by the hour and minute’ hands of a 27 0 
watch, which are never in conjunétion or oppofition volution ex. 
in that part of the dial-plate| where ‘they were fo S7P"°* 
Jaft before. And indeed if we compare the twelve 
hours on the dial-plate to the twelve fiens of the 
Ecliptic, the hour-hand to. the Sun’ and the 
minute-hand to the Moon, we fhall have a tolera- 
bly near refemblance in miniature to the motions 
of our great celeftial Luminaries. The only dif- 
ference is, that whilft the Sun goes once’ round the 
Ecliptic, the Moon makes 124 conjunétions with 
him: but whilft the hour-hand gees round the 

O 2 dial- 
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dial-plate, the minute-hand makes only rr con- 
jun@tions with it, becaufe the minute-hand moves 
flower in refpect of the Hour-hand than the Moon 
does with regard to the Sun. iO | 
‘TheHarveh 982, As the Moon can never be full but when 
aes thie’ a8 oppofite to the Sun, and the Sun is never 
in Virgo and Libra but. in our autumnal months; 
it is plain that the Moon is never full in the oppo- 
fire Signs, Pifces and Aries, but in. thefe two 
months. And therefore we can have only two 
Full Moons in the year, which rife fo near the 
time of Sun-fet for a week together, as above- 
mentioned, The former of thefe is called the 
Harweft Moon, and the latter the Hunter’s Moon. 
why the > 283. Here it will. probably be afked, why we 


Moon's re- never obferve this remarkable rifing. of the Moon 
gular rifing 


is never pere DUE. in. harveft, fince fhe is in Pilces and Aries © 


ce ved butin ewelve times in the year befides; and muft then 
oe sife with as little difference of time as in harveft? 
The anfwer is plain: for in winter thefe Signs rife 
at noon; and being then only a Quarter of a Circle 
diftant from the Sun, the Moon in them is in her 
firft Quarter: but when the Sun is above the 
Horizon, the;Moon’s rifing is neither regarded 
nor perceived. In fpring thefe Signs rife with the 


Sun, becaufe he is then in them ; and as the Moon © 


. changeth in them at that time of the year, fhe is 
quite invifible.. In fummer they rife about. mid- 


night, and the Sun being then three Signs, ora — 


Quarter of a Circle, before them, the Moon is in 


and giving butiery- litile light, her rifing paffes 


uf 
al 


them about her third Quarter; «when rifing fe late; — 


unobferved. .And in autumn, thefe Signs being — 
oppolite to the Sun, rife when he fets, with the — 


Moon in oppofition, or at the Full, which makes 
her rifing very confpicuous. Aceath 


284. At the Equator, the North and South | 


Poles lie in the Horizon; and thereforé the Echip- 
tic makes the fame Angle fouthward with the Ho- 
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tizon when Aries rifes, as it does northward when 
Labra rifes.. Confequently, as the Moon at all the 
fore-mentioned patches rifes and fets nearly at equal 
Angles with the Horizon all the year round, and 
about 50 minutes later every day or night than on 
the preceding, there can be no particular Harvett- 
Moon at the Equator. | 
285. The farther that any place is from the 
Equator, if it be not beyond the Polar Circle, the 
Angle gradually diminifhes which the Ecliptic and 
Horizon make when Pifces and Aries rife: and 
therefore when the Moon is in thefe Signs the rifes 
with a neatly proportionable difference later every 
day than on the former; and is for that reafon the 
more remarkable about the Full, until we come to 
the Polar Circles, or 66 degrees from the Equa- 
tor;.in which Latitude the Ecliptic and Horizon 
become coincident every day for a moment, at the 
fame fydereal hour (or 3 minutes 56> feconds 
fooner every day than the former) and the very 
next moment one half of the Ecliptic containing 
Capricorn, Aquarius, Pifces, Aries, Taurus, and 
Gemini, rifes, and the oppofite half fets. There- 
fore, whilft the Moon is going from the beginning 
_ of Capricorn to the beginning of Cancer, which 
ts almoft 14 days, fhe rifes at the fame: fydereal 
hour; and in autumn juft at Sun-fet, becaufe all 
that half of the Ecliptic, in which the Sun js at 
_ that time, fets at the fame fydereal hour, and the 
_ oppofite half rifes; that is, 3 minutes 56 feconds, 
of mean folar time, fooner every day than-on the 
day before... So whilft the Moon is going from 
Capricorn to, Cancer, fhe rifes earlier every day 
than on the preceding , contrary to what fhe does 
at all places between the polar Circles. But du- 
fing the aboyé fourteen days, the Moon is 24 
fydereal hours later in fetting; for the fix Signs 
which rife all at once on the eaftern fide of the 
_ Horizon are 24 hours in fetting on the wettern fide 
of it; as any one may fee by making chalk-marks 
O 3 at 
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at the beginning of Capricorn and of Cancer, and - 

then,’ having elevated: the Pole 664 degrees, turn 

the Globe flowly round it’s Axis, and obferve the 

rifing. and fettinge of the Ecliptic. As the begin- 

ning of ‘Aries is equally diftant from: the. beginning 

of Canceriand. of Capricorn, it is in ‘the middle 

of that half of the Ecliptic which rifes all at once. 

Andiwhen the Sun is at the beginning of Libra, 

he ‘is in the middle of thevother half. ‘Therefore, 

when the Sun is in Libra, and the Moon in Capri- 

corn, ‘the! Moon is'a‘Quarter of a Circlé before the 

Suni;) oppofite to ‘him, and confequently full in 

fries, and a Quarter of a Circle behind him, when 

in Cancer: But when Libra rifes, Aries fets, and 

all thatchalf of the Ecliptic of which Aries is: the 

middle, aid’therefore, ‘at that time of the year, the 

Moon’ rifes' at Sun-fec “from her - to her: third 
Quarter. n vs 

TheHar- / 286. In northern Latitudes, | she: shevvonbh vhs Full 

; Dron Moons are in Pifces' and Aries; and ithe vernal 

both fides of Full’ Moons in Vireo and) Libra* in fouthern La- 

the Equator. sirudestjutt! the: reverte, becaufe: ‘the: feafons are 

contrary. But’ Virgovand Libra rifevat as” {mall 

Angles with the Horizon in fouthern Latitudes, — 

as Pittes and Aries do in the northern's: and there- ; 

fore the Harveft-Moons are juft as ‘regular ‘on one — 

fide of the Equatoras on the others ©. . j 

287) As thefe Signs, which rife with the Jeatt 4 

Angles, fet with the greateft, the vernal Full 4 

Moons differ as much in their times of rifing every — 

night as the autumnal FullMoons) differ in their 

times of fetting; and ,fet'with as little. difference _ 

as the autumnal Full Moons. rife+. the one being | 

in all cafes the reverfe of the other. © HO.AGI | 

288. Hitherto, for the fake of plainnéfs, | we 

have fuppofed the Moon to moven the Ecliptic, 

; from which the Sun never deviates, But the © 

Orbit in which the Moon really moves is different 

fromthe Ecliptic: one half being elevated 5+ de- 

capes above it and. the other half ag much de-- 

L | preties ! 
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-prefled below it. Thé Moon’s Orbit therefore 
imterfeéts the Ecliptic in two points diametrically 
oppofite to-each other ; and thefe interfections are 
called the Moon's Nodes. So the Moon can never The Moon's 
be'in the Ecliptic but when ‘fhe is in either of her “°** 
Nodes, which is at leaft twice in every courfe from 
Change to Change, and fometimes thrice. For, 

as the Moon goes almoft a whole Sign more than 
‘round her Orbit from Change to Change; if the 
pafies by ‘either Node about the time of Change, 

the will: pafs by the other in about fourteen days 
after, and come round to the’ former Node. two 
days again before the next Change. That Node 
from which the Moon begins to ai¢end northward, 

_ Or above the''Ecliptic, in northern Latitudes,” is 

called the Afcending Node, and the other the’ De/- 

_ tending Node, becaule ‘the Moon, when fhe pafies 

by it, defcends below the Ecliptic fouthward. ~~. 

+ '389.' The Moon’s oblique ‘motion with regard 

to the Ecliptic caufes fome' difference in the times 

of her rifing and fettine from what is already mén- 

tioned. For whilft fhe is northward of the Eclip- 

tic, fhe rifes fooner and fets later thar if, fhe moved ' 

in the Ecliptic : and when fhe'is.fouthward of the... | 

 Ecliptic, the rifes-later and-fets-fooner. |-Fhis dif-. 

. ference is variable, even in’the'faitie Sions, becaufe ye 
the Nodes fhift backwatd about 19% degrees in ~ 
the eqipic every year; andifo go 8 Hr It con-, 
trary to the order of Signsim 18 years.225 dayss 
290. When the Afcending Node isin Aries, the? 

foutherh half of the/Moon’s Orbit makes an Angle. || 
of 5% degrees lefs! with! the. Horizon. than'*the 
Eclipti¢ does, when Aries) rifes‘in northerm Lati- 

: | for which reafon the’ Moon rifes with lefs 

4 ce-of time whilft-Me is in Pifces-and-Aries,— — 

_ than there. would be if,the kept. in the Ecliptic. 

_ But ing years and 112, days afterward, the Def- 

 eending Node comes ,to,,Aries; and .then..the 

‘Moon’s Orbit makes an Angle 5+ degrees greater, 

with the Horizén when Aries rifes, than the 

La O 4 Ecliptic 
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Ecliptic does at that time; which caufes the Moon 
to rife with greater difference of time in Pifces and 
Aries than if fhe moved in the Ecliptic, 

291. To be alittle more particular; when the 
Afcending Node is in Aries, the Angle is only 
9+ degrees on the parallel of London when Aries 
rifes. But when the Defcending Node comes to 
Aries, the Angle is 20% degrees ; this occafions as 
great a difference of the Moon’s rifing in the fame 
Signs every 9 years, as there would be on two pa- 
rallels to 103 degrees from one another, if the 
Moon’s courfe were in the Ecliptic. The follow- 
jng Table fhews how much the obliquity of the 
Moon’s Orbit affects her rifing and fetting on the 
parallel of Londou, from the 12th to the 18th day 
of her age; fuppofing her to be Full at the au- 
tumnal Equinox: and then, either in the Afcend- 
ing Node, higheft part of her Orbit, Defcending 
Node, or loweft part of her Orbit. M fignifies 
morning, 4 afternoon ; and the line at the foot of 
the Table fhews a week’s difference in rifing and 
fetting. thea ; : 


Folljn her-Af-f{n the higheli]Full in her De- 


Intheloweft par 
cending node. {partofherOrbit.| fcending node. 


of her Orbit. 


_ Rifes at Sets. at|Rifes at} )Sets at 
"8H, M,| i. M,) He M- .| a. M, 
ae PS -; \- wpa at RO A gett ea ae ees 


12 3M o 
(13 15 
414 5 28 

15 6 8.92 

16 7 45 

17 15 

18 } fo) 

30].7. Ic 20 7 oO 


- This Table was not computed, but only efti- 
mated as near as could be done from a common 
Globe, on which the Moon’s Orbit was delineated 
with a black-lead pencil. It may at firft fight ap- 


‘ pear 


Of the Harveft-Moon. 


pear erroneous; fince as we have fuppofed the 
Moon to be full in either Node at the autumnal 
Equinox, fhe ought by the Table to rife juft at 
fix o’clock or at Sun-fet, on the 15th day of her 
age; being in the Ecliptic at that time. But it 
muft be confidered, that the Moon is only 143 days 
old when fhe is Full; and therefore in both cafes 
the is a little paft the Node on the 15th day, being 
above it at one time, and below it at the other. 
__ 292. As there is a compleat revolution of the 
Nodes in 18% years, there muft be a:regular period 
of all the Varieties which can happen in the rifing 


20% 


and fetting of the Moon during that time. - But The period 


this fhifting of the Nodes never affeéts the Moon’s 
rifing fo much, even -in her quickeft defcending 
Latitude, as not to allow us ftill the benefit of her 
rifing nearer the time of Sun-fet for a few days 
together about the Full in Harveft, than when. the 
is Full at any other time of the.year.. The fol- 
lowing Table fhews in what years, the Harvett- 
Moons are leaft beneficial as to the times of their 
rifling, and in what years moft, from 1751,to 486. 
The column of years under the letter Z are thofe 
in which the Harveft-Moons are‘leaft of all. bene- 
ficial, becaufe they fall about/:the “Defeending 
Node: and thofe under AZ fi Ae of all bene- 


ficial, becaufe they. fall about the Af¢ending Node. = 


In all the columns from N to! 


lefs heights above the Horizon.” 
they. afcend in the fame proportion, and rife to 


i , 4v -the farve{t-Moons. 
defcend gradually in the Lana orhiey end HE: to: 
fom S°to: N°’ 


oe 


! 
‘ 


{ 


greater heights pbove the Horizon, In both the’. 


columns under |S the} Hafvelt-Moons are in ‘the 


loweft patt of the Moon’s Orbit, that is, fartheft 
South of the Ecliptic ; and therefore {tay fhorteft 
of all above the Horizon: in the columns under 
WV jutt the reverfe. © And in both cafes, their rifing, 
though not at the fame times, are nearly the fame 
with regard to difference of time, as if the Moon’s 
Orbic were coincident with the Ecliptic, 

Years 


of the Har+ 
veft.-Moon. 
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Years in which the Harveft-Moons are leaf beneficial. v 
_ft75t 1752 1753 1754 1755 1756 1957 1758 F759 * 

EDPTZOO NZ IE 772 179351794 7 7S 197617494 1778 

5179817891790. 499111792 17931794 179509796 ¥797° 
1807 1808 1809 1810/1811 1812, 1813 ¥8t4 1816 4) 0 
1826 1827 1828 1829 1830 18311832 1838 1834. ¢4 
[1844 1845 1846°1847 1848 1849°1850 1851 1852 


da 


d ey, 
ee @i: 


| | | Yearsia which they are-moft beneficial? © 290°: 
1750, #761) :1762:17631 2764 1765) 17661767 (1768 1766 
4779, 4789 1784..4782/ 1783 178401785 21786/1787 lip 
_f1798 1799 1800. F801 1802 1803 1804 r805. 1806... 
t8¥6 1817 1818 1819 1820 1821 1822 1823 °18z4 1825 : 
, 1835 1836 1937 1838 1839 1840°984't r842-1843* © 
§3853.1854 1855 .-13856/1857 1858, 1859. 1860 1861 ©! 


293. At the Polar Circles, when the Sun touches 
the Summer Tropic, he continues 24 Hours above 
the Horizon; and’24 hours below’ it when he 
touches the ‘Winter Tropic. For the fame reafon 
the Full Moon neither’ rifes in Summer, ‘nor {ets 
Be, in Winter, confidering her as moving in the Eclip- 
tic.’ For the Winter Full Moon being as high in 
the Ecliptic asthe Summer Sun, muft therefore 


: - continue as long’ above the Horizon; and ‘the. 


: Summer Full Moon being as low in the Ecliptic 
| as the Winter Suny can no more rife than he does. 
_ Bur'thefe are only the two Full Moons which hap- 

| pen about the Tropics, for all'the others rife and 
: fet.o: In Summer'‘the Full’Moons’ ‘are low, and 
| their flay is fhortabove the Aorizon, when the 

- nights ‘are’ fhort} “and we’ have: leaft occafion for 
_ Moon-light: in Winter they go high, and ftay 

Jong above the Horizon, when the nights are long, 

_ and we want the ereateft quantity of Moon-light., 

_ The long 7-294. “At the Poles,‘ one half ‘of the Ecliptic 
continuance ie » es ay 

of Moon. ever’ fets, and the other half ‘never ‘rifes : and 
Might atthe gherefore, as the’ Sun is always half a year in def- 
oles. y, Betula ® P bey ’ ge ee SNe 4 ks ee 

éribing one ‘half of the Ecliptic, and‘as long in 

going through the’ other half,'it is natural to ima- 
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‘The long Duration of Moon-light af the Poles. 


gine that the Sun continues ‘half a year together 
above the Horizon of each Pole in it’s ttiem, and 
as long below it; rifing to one Pole when he fets 
‘to the other. This would be exactly the cafe if 
cn were no refraction: but by the Atmofphere’s 
ting the Sun’s rays, he becomes vifible fome 
days fooner, § 183, and continues fome days 
longer in fight than he would otherwife‘do: fo 
that 
before he has got below the Horizon of the other. 


And, as he never goes more than 23} degrees 


below the Horizon of the Poles, they have very 
little dark night: it being twilight there as well as 
at all other places till the: Sun be 18 degrees below 
the Horizon, §177. The Full. Moon being al- 
ways oppofire to the Sun, can never be feen while 
the Sun is above the Horizon, except when the 
Moon falls in the northern half of her Orbit ; for 
be any point.of the Ecliptic rifes, the op- 
pofite point fets. Therefore, as the Sun is above 
the Horizon of the north Pole from the 2oth of 
Marcb till the 23d of September, it is plain that the 
Moon, when Full, being oppofite to the Sun, muft 
be below the Horizon during that half of the year. 
But when the Sun is in the fouthern half of the 
Ecliptic, he never rifes to the north Pole, during 
which half of the year, every Full Moon happens 
in fome part of the northern half of the Ecliptic, 
which never fets. Confequently, as the polar In- 
habitants never fee the Full Moon in Summer, 
they have her always in the Winter, before, at, 
and after the Full, fhining for 14 of our days and 
nights. And when the Sun is at his greateft de- 
prefiion below the Horizon, being then in Capri- 
corn, the Moon is at her Firft Quarter in Aries, 
Full in -Cancer, and at her Third Quarter in 
Libra, And as the beginning of Aries is the 
rifing point of the Ecliptic, Cancer the higheft, 
and Libra the fetting point, the Moon rifes at her 
firtt Quarter in Anes, is moft elevated. above the 

Horizon, 


he appears above the Horizon of either Pole 
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The long Duration of Moon-light at the Poles. 


Horizon, and Full in Cancer, and fets at the be- 


ginning of Libra in her Third Quarter, having | 


continued vifible for 14 diurnal rotations of the 
Karth. Thus the Poles are fupplied one half of 
the winter time with ‘conftant Moon light in the 
Sun’s abfence; and only lofe fight of the Moon 
from her Third to her Firft Quarter, while the 
gives but very little light; and could be but of 
little, and fometimes of no fervice to them. A 
bare view of the Figure will make this: plain; in 
which let § be the Sun, e the Earth in Summer 
when it’s north Pole # inclines toward the Sun, 
and & the Earth in Winter, when it’s north Pole 
declines from him. SE \ and N/VS is the Hori- 
zon of the north Pole, which is coincident with 
the Equator; and, in both thefe pofitiens of the 
Earth, » ow «vp is the Moon’s Orbit, in which 
fhe goes round the Earth, according to the order 


of the letters abed, ABCD. When the Moon 


is at a, fhe isin her Third Quarter to the Earth 
ate, and juft rifing to the north Pole 7; at d the 
changes, and is at the greateft height above the 
Horizon, as the Sun likewife is; at c fhe is in her 
Firft Quarter, fetting below the Horizon; and is 
loweft of all under it at dj when oppofite to the 
Sun, and her enlightened fide toward the Earth. 
But then fhe is full in view to the fouth Pole 9; 
which is as much turned from the Sun as the 
north Pole inclines towards him, Thus in our 
Summer, the Moon is above the Horizon of the 
north Pole whilft fhe deféribes the northern half 
of the Ecliptic » w &, or from her Third Quar- 
ter to her Firft; and below the Horizon during 


her progrefs through the fouthern half 2 up , 
higheft at the Change, moft depreffed at the Full. 


But in Winter, when the Earth is at E, and it’s 
north Pole declines from the Sun, the New Moon 


at D is at her greateft -depreffion below: the Hori- 


zon NW &, and the Full Moon at B at her greateft 


height above it; rifing at her Firft- Quarter sf 
| an 
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and keeping above the Horizon till fhe comes to 
her Third Quarter C. At a mean ftate fhe is 234 
degrees above the Horizon at B and 4, and ‘as 
much below it at D and d, equal to the inclination 
of the Earth’s Axis PF. S aw and S y are, as it 
were, a ray of light proceeding from the Sun to 
the Earth; and fhews that when the Earth is ate, 
the Sun is above the Horizon, vertical to che 
Tropic of Cancer; and when the Earth is at Z, 
he is below the Horizon, vertical to the Tropic 
of Capricorn. 


CHAP. XVI. 
Of the Ebbing and Flowing of the Sea. 


295. TAHE caufe of the Tides was difcovered 
_ by Keprer, who, in his Introduction to 
the Phyfics of the Heavens, thus, explains it: ‘* The Thecaute 


Orb of the attracting power, which is in. the othe Tides — 


3 difcovered 
Moon, is extended as far as the Earth; and draws ial Oa, 


the waters under the torrid Zone, acting upon — 

places where it is vertical, infenfibly on confned 

{eas and bays, but fenfibly on the ocean whofe 

beds are large, and the waters have the liberty 

of réciprocation; that is, of rifing and falling.” 

And in the 7oth page of his Lunar Aftronomy 

*¢ But the caufe of the Tides of the Sea appears 

to be the bodies of the Sun and Moon drawing 

the waters of the Sea.” This hint being given, TheirTheo- 

the immortal Sir Isaac NEwTon improved it, and [y improved 
i ySirleaac 

wrote fo amply on the fubject, as to make the newrox. 

Theory of the Tides in a manner quite his own ; 

by difcovering the caufe of their rifing on the fide 

of the Earth oppofite to the Moon. For Keprer 

believed, that the prefence of the Moon occafioned 

an impulfe which caufed another in her abfence. 

296. It has been already fhewn, § 106, that the Explained 
power of gravity diminifhes as the fquare of the acheive 
diftance increafes ; and therefore the waters at Z ciples. 

on 
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PLATE on the fide of the Earth 4B CD EFG H next the 


Fig. I, 


Moon M are more attracted than the central parts 
of the Earth O by the Moon, 'and the central parts 
are more attracted by her than the waters on the 


oppofite fide of the Earth at #: and therefore the 
diftance between the Earth’s center and the waters - 
on it’s furface under and oppofite to the Moon 

will be increafed.. For, let there be three bodies’ 


at H, O, and D: if they are all-equally attracted 
by the body M4, they will all move equally faft 
toward it, their mutual diftances from each other 


continuing the fame. If the attraction of MW is - 


unequal, then that body which is moft ftrongly 
attracted will move fafteft, and this will increafe 
it’s diftance from the other body. . Therefore, by 
the law of gravitation, M will attraét H more 
ftrongly than it does O, by ,which, thé diftance. 
between H and O will be increafed: and a fpec- 
tator on O will perceive H rifing higher toward Z. 


In like manner, O being more ftrongly attracted 
than D, it will move farther towards MZ than D 


does: confequently, the diftance between O and D 
will be increafed ; and a fpectator on O, not per- 
ceiving his own motion, will fee D receding farther 
from him towards #: all effects and appearances 
being the fame, whether D recedes from O, or O 
from D. , A ME aye LA 


297. Suppofe now there is a number of bodies; 


as 4,B,C,D,E,F,G,H placed round O, fo as to 
form a flexible or fluid ring: then, as the whole is 
attracted’ towards MM, the parts at H and D will 


have their diftance from O increafed ; whilft the: 


parts at B and F, being nearly at the fame diftance 


- from Mas O is, thefe parts will not recede from © 
one another; but’rather, by the oblique attraction ~ 


of M, they will approach nearer to O. | Hence, 


the finid ring will form itfelf into an ellipfe 
LIBLaKFN Z, whofe longer Axis 2 O Z pro- 
duced will pafs through M, and it’s fhorter Axis 


BOF will terminate in B and F. Let the ring be 
| filled 


a ee ee ae 


ee 
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filled) with, fluid’ particles, fo as ‘to\form a {phere 
round OQ; then, as the whole moves toward MG the 
fluid, {phere. being; Jengthenedat -Z and x, will 
afflume an oblong, or oval form. If Mis the 
Moon, QO the! Earth’s, center, ABC DEFGH the 
Sea-covering, the:Earth’s f{urfacey it is evident, by 
the above reafoning;.that whilft the Earth by: it’s 
gravity falls. toward; the Moon the Water direétly 
_ below her at B wilh {well and rife gradually towards 
her: alfo the,Water at D, will) recede fromthe 
center [{trictly fpeaking, the center, recedes from D] 
and rife on the: eppofite fide of the Earth »iwhilft 
the Water at'B and Ff is deprefied, and falls below 
the former level.’ | Hence, as the Barth turns round 
its Axis from the Moon to :the Moon: againoin 
242, hours, .thererwill be two,Tides of ,Hlood and 
two of Ebb in that time, as we find’ by-experience. 
| 298. As) this,explanation of the ebbing. and 
flowing of the Seaisdeduced from the Earth’s cont 
fiantly falling toward: the Moon. by! the: power of 
gravity, fome may. find a: difficulty | in conceiving 


how this.is poffible, when the Moons full, oran: 


oppofition to»the Sun ;.fince the Earth revolves 
about the Sun, and muft continually fall - towards 
it, and therefore cannot fall contrary. ways at the 
fame! time : or if the Earth is conitantly falling 
towards the Moon, they muft «come together. at 
laft..: To remove this: difficulty, ‘let it be confis 
dered, that it is not the centerof-the Earth: that 
defcribes the annual Orbit round the Sun, but 
the *.common center of .gravity of the Farthand 
Moon) together; and that whilft the Earth: is 
* This center is as much; nearer the Earth’s center than the 
Mo0n’s as the Farth is heayier, or contains a-greater quantity 
of matter than the Moon, ‘namely, about 40 times. “If both 
bodies were fufpended) on it, they Would-hang in egailidrio: 
So that dividing 240,000 miles, the Moon’s diftance trom the 
Earth's center, by 40, ‘the excefs of the Earth’s weight above 
the Moon’s, the quotient will be 6000 miles, which is the dif 
tance of the common center of gravity of the Earth and Moon 
from the Earth’sicenter, | © * hated, gl } paw 
moving 
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moving round the Sun, it alfo defcribes a Circle 
round that center of gravity; going as many times 
round it in one revolution about the Sun as there 
are lunations or courfes of the Moon round the 
Earth in a year: and therefore, the Earth is con- 
{tantly falling towards the Moon from a tangent 
to the Circle it defcribes round the faid common 
center of gravity. Let be the Moon, J W part 
of the Moon’s Orbit, and C’ the center of gravity 
of the Earth and Moon: whilft the Moon goes 
round her Orbit, the center of the Earth defcribes 
the Circle eg d round C, to which Circle ga@k is a 
tangent: and therefore, when the Moon has gone 
from M to a little paft WY, the Earth has moved _ 
from g toe; and in that time has fallen towards 
the Moon, from the tangent at 2 to e; and fo 
round the whole Circle. 

299. The Sun’s influence in raifing the Tides is 
but {mall in comparifon of the Moon’s: For though 
the Earth’s diameter bears a. confiderable propor- 


_tion to it’s diftance-from-the Moon, it is next to 


Why the 
Tides are 
not higheft 
when the 
Moon is on 
~ the Meri- 
dian, 


Fig. I. 


nothing when compared: with the diftance of the 
Sun. And therefore, the difference of the Sun’s 
attraction on the fides of the Earth. under and op- 


pofite to him, is much lefs than the difference of 


the Moon’s attraction on the fides of the Earth 
under and oppofite to her: and therefore the Moon 
muft raife the Tides much higher than: they can 
be raifed by:the Sun, Che i. 


300. On this Theory, fo far as we have ex- 
plained it, che Tides ought to be higheft. directly — 
under and oppofite to the Moon; that is, wher © 
the Moon is due north and fouth. But we find, 
that in open Seas, where the water flows freely, 
the Moon M is generally paft the north and fouth 
Meridian, as at p, when it is high water at Z and 
at m. The reafon is obvious; for though the 
Moon’s attraction was to ceafe altogether when fhe 
was paft the Meridian, yet the motion of afcent 

| commu; 
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communicated to the water before that time would PLaTE 

make it continue 'to rife for fome time after; much /*: 

more muft it do fo. when the attraction is only 

diminifhed: as a little impulfe given to a moving 

ball will caufe it ftill to move farther than other- 

wife it could have done. And as experience fhews, 

that the day is hotter about three in the afternoon, 

than when the Sun is on the Meridian, becaufe of - 

the encreafe made to the heat already imparted. , 
got. The Tides anfwer not always to the fame Nor always 


anfwer to 


diftance of the Moon from the Meridian at the‘ 


fame places; but are varioufly affected by the action the amen 
of the Sun, which brings them on fooner when the ;77°*'"°™ 
Moon is in her firft and third Quarters, and keeps 
them back later when fhe is in her fecond and 
fourth : becaufe, in the former cafe, the Tide raifed 
by the Sun alone would be earlier than the Tide 


railed by the Moon; and in the Jatter cafe later. 


302. The Moon goes round the Earth in an 
elliptic Orbit, and therefore, in every Lunar Month, 
fhe approaches nearer to the Earth than her mean 
diftance, and recedes farther from it. When Spiing and 
fhe is neareft, fhe attracts ftrongeft, and fo raifes"“? 7" “** | 
the Tides moft, the contrary happens when fhe’ ! 
is fartheft, becaufe of her weaker attraction, Whert 
both Luminaries are in the Equator, and the 
Moon in Perigeo, or at her leaft diftance from the 
Earth, fhe raifes the Tides higheft of all, efpecially 
at her Conjunction and Oppofition ; both becaufe 
the equatoreal parts havé the greateft centrifugal 
force from their defcribing the largeft Circle, and 
from the concurring actions of the Sun and Moon. 
At the Change, the attractive forces of the Sun 
and Moon being united, they diminith the gravity 
of the waters under the Moon, and their gravity 
on the oppolite fide is diminifhed by means of a 
greater centrifugal force. © At the Fall, whilft the 
Moon raifes the Tide under and ‘wppofite to her, Fis. Vi 
the Sun adting in the fame line, railes the Tide 

o's : under 
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under and oppofite to him; whence their conjoint 
effect is the fame as at udics Change; and, in both . 
cafes, occafion what we call she Spring Tides. But 
at the Quarters the Sun’s action on the waters at 
O and H diminithes the effect of the Moon’s. action 
on the waters at Z and N; fo that they rife a little 
under and oppofite to the Sun at O and H, and 
fall as much under and oppofite to the Moon at 
Z and N; making what we call the Neap Tides, 
becaufe the Sun and Moon then act crofs-wife to 
each other. But, ftrictly {peaking, thefe Tides 
happen not till fome time after; canes in this, 
as in other cafes, § 300, the actions do not produce 
the greateft effect when they are at the ftrongett, 
but fome time afterward. 
Not greatet — 3.03. The Sun being nearer the Earth in Winter 
ek than in Summer, § 205, 1s of courfe nearer to it 
why. in cami and Odfeber than in March and Sep- 
tember; and therefore the greateft Tides happen 
not till fome time after the autumnal Equinox, and 
return a little before the vernal. 
The Ties The Sea being thus put in motion, would con- 
Miao tinue to ebb and flow for feveral times, even 
ceafeupon though the Sun and Moon were annihilated, or 
the ane eetielt “influence fhould ceafe: as if a bafon of water 
Sun and were agitated, the water would continue to move 
Moca. for fome time after the bafon was left to ftand 
fill. Or like a Pendulum, which having been put 
in motion by the hand, continues to make feveral 
vibrations without any new impulfe. 


The lunar = 3O4. ‘When the Moon is in the Equator, the” 
fy what. "Tides are equally high in both parts of the lunar 
rife tounee' day, or time of the Moon’s revolving from the 
- gual heights Meridian to the Meridian again, which is 24 hours 
day,and 50 minutes. But as the Moon declines from the 
by Equator towards either Pole, the Tides are alter- 
nately higher and lower at places having north or 
fouth Latitude. For one of the highett elevations, 
which is that under the Moon, follows her tow sade 


y) the 
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the Pole to which fhe is neareft, and the other PLATE 


declines towards the oppofite Pole; each elevation 
defcribing parallels as far diftant from the Equator, 
on oppofite fides, as the Moon declines from it to 
either fide; and confequently, the parallels defcri- 


bed by thefe elevations of the water are twice as 


many degrees from one another, as the Moon is 
from the Equator ; increafing their diftance as the 
Moon increafes her declination, till it be at the 
ereateft, when the faid parallels are, at a mean ftate, 
47 degrees from one another: and on that day, 
the Tides are moft unequal in their heights. As 
the Moon returns toward the Equator, the parallels 
defcribed by the oppofite elevations approach to- 
wards each other, until the Moon comes to the 
Equator, and then they coincide. As the Moon 
declines toward the oppofite Pole, at equal dif- 
tances, each elevation defcribes the fame parallel 
in the other part of the lunar day, which it’s oppo- 
fite elevation defcribed before. Whilft the Moon 
has north declination, the greateft Tides in the 
northern Hemifphere are when fhe is above the 
Horizon; and the reverfe whilft her declination is 


~ fouth. Let NESQ be the Earth, NCS it’s Fis. 1% 
Axis, EQ the Equator, 7 the Tropic of Cancer, ’ ” 


t ¥e the Tropic of Capricorn, @ d the arétic Circle, 
cd the antarétic, N the north Pole, S the fouth 
Pole, AZ the Moon, F and G the two eminences of 
water, whofe loweft parts are at 2 and d (Fig. II.) 
at N and § (Fig. IV.) and at 4 ande (Fig. V.) 
always 90 degrees from the higheft. Now when 
the Moon is in her greateft north declination at 


M, the higheft elevation G under her, is on the Fig, 11f, 


Tropic of Cancer, 7, and the oppofite elevation 
F on the Tropic of Capricorn typ ; and thefe two 


elevations defcribe the Tropics by the Earth’s _ 


diurnal rotation. All places in the northern He- 
mifphere EN Q have the higheft Tides when they 
come into the pofition 4% Q, under the Moon; 
and the loweft Tides when the Earth’s diurnal 

eT Si rotation 
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PLATE rotation carries them into the pofition a7 EZ, on 
IX. the fide oppofite to the Moon, the reverfe happens 
at the fame time in the fouthern Hemilphere 
ESQ, as is evident to fight. The Axis of the 
Tides aC d has now it’s Poles a and d (being always . 
go degrees from the higheft elevations) in the 
arctic and antarctic Circles; and therefore it is — 

plain, that at thefe Circles there is but one Tide 
of Flood, and one of Ebb, in the lunar day. For, 

when the point a revolves half round to 4, in 12 

lunar hours, it has a Tide of Flood; but when it 

” comes to the fame point a again in 12 hours more, 
Fig. IV. it has the loweft Ebb. In feven days. afterward, 
the Moon M comes to the equinodiial Circle, and 

is over the Equator £2, when both elevations 
deferibe the Equator; and in both Hemifpheres, 

at equal diftances from the Equator, the Tides are 

equally high in both parts of the lunarday. The 

Fig. V. whole Phenomena being reverfed, when the Moon 
has fouth declination, to what they were when 

her declination was north, require no farther 

defcription. | 

305. In the three. laft-mentioned Figures, the 

Earth is orthographically projected on the plane of 

the Meridian; but in order to defcribe a particular 
Phenomenon, we now project it on the plane of 

Fig. VI. the Ecliptic. Let HZO WN be the Earth and Sea, 
FED. the Equator, J the Tropic of Cancer, C 

the arctic Circle, P the north Pole, and the Curves 

1, 2, 3, €Sc. 24 Meridians, or Hour-circles, inter- 

fe€ting each other in the Poles; AGM is the 

When both Moon’s Orbit, 5 the Sun, 17 the Moon, Z the — 
| caually bigh Water elevated under the Moon, and WV the oppo- 
ie pa fite equal Elevation. As the loweft parts of the 
veeatew. Water are always go degrees from the higheft, — 
sy pi hae when the Moon ts in either of the Tropics (as at — 
Time; and JZ) the Elevation Z is on the Tropic of Capricorn, 
v.cevefé and the oppofite Elevation N on the Tropic of 
Cancer, the low-water Circle 4 CO touches the 
polar Circles at-C; and the high-water Circle 


ET P6 
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ETP 6 ooes | over the Poles at P, and divides 
every parallel of Latitude into two equal feoments. 
In this cafe the Tides. upon every parallel are 
alternately higher and lower; but they return in 
equal times : the point J, for example, on the 
Tropic of Cancer (where the depth of the Tide is 
reprefented by the breadth of the dark fhade) has 
a fhallower Tide of Flood at J than when it re- 
volves half round from thence to 6, according to 
the order of the numeral Figures; but it revolves 
as foon from 6 to J as it did from J to 6. When 


the Moon is in the Equinoctial, the Elevations Z - 


and WV are transferred to the Equator at O and H, 
and the high and low-water Circles are got into 
each other’s former places; in which cafe the 
Tices return in unequal times, but are equally 
high in both parts of the lunar day: for a place at 
1 (under D) revolving as formerly, goes fooner 
from 1 to 11 (under F) than from ir to 1, be- 
caufe the parallel it defcribes is cut into unequal 
fexments by the high-water Circle CO: but the 
gints. 1 and 11 being equidiftant from the Pole 
_of the Tides at C, which is direétly under the Pole 
of the Moon’s Orbit 1G 4, the Elevations are 
equally high in both parts of the day, 


' 306. And thus it appears, that as the Tides 
are governed by the Moon, they myft turn on the 
Axis of the Moon’s Orbit, which is inclined 23 
degrees to the Earth’s Axis at a mean itate: and 
therefore the Poles of the Tides muft be fo many 
desrees from the Poles of the Earth, or in oppo- 
fite points of the polar Circles, going round thefe 
Circles in every lunar day. It is true, that accord- 
ing to Fie. LV, when the Moon is vertical to the 
Equator ECQ, the Poles of the Tides feem to 
fali in with the Poles of the World N and §: but 
when we confider that #’G 7 is under. the Moon’s 
Orbit, it will appear, that when the Moon is over 
H, in the Tropic of Capricorn, i north Pole of 

3 | the 


Hg 
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the Tides (which can be no more than go degrees 
from under the Moon) muft be at ¢ in the arétic 
Circle, not at NV, the north Pole of the Earth; 
and as the Moon afcends from H to G in her Orbit, 
the north Pole of the Tides muft fhift from ¢ to 4 
in the arctic Circle, and the fouth Pole as much i in 
the antarctic. 

It is not to be doubted, but that the Earth’s 
quick rotation brings the Poles of the Tides nearer 
to the Poles of the ‘World, than they would be if 
the Earth were at reft, and the Moon revolved 
about it. only once a month ; for otherwife the 
Tides would be more unequal in their heights, and. 
times of their returns, than we find they are. But 
how near the Earth’s rotation may bring the Poles 
of it’s Axis and thofe of the Tides together, or 
how far the preceding Tides may affect thofe 
which follow, fo as to make them keep up nearly 
to the fame heights, and times of ebbing and flow- _ 
ing, is a problem more fit to be folved ee obier- 
vation than by theory, 


Toknowat 307. Thofe who have opportunity to make ob- 
vemay cx, {efvations, and choofe to fatisfy themfelves whe- 
pedtthe ther the Tides are really affe¢ted in the above 
kaa Tice, Manner by the different pofitions of the Moon, 
| efpecially as to the unequal times of their returns, 
may take this general rule for knowing when they 

ought to be fo “affected. When the Earth’s Axis 

etines to the Moon, the northern Tides, if not 
retarded in their pafflage through Shoals and Chan- 

nels, nor affected by the Winds, ought to be 
ereateft when the Moon is above the Horizon, leaft 

when fhe is below it; ; and quite the reverfe when 

- the Earth’s Axis declines from her: but in both 
cafes, at equal intervals of time. When the 
Earth’s Axis inclines fidewife to the Moon, both 

‘Tides are equally high, but they happen at unequal 
intervals of time. In every Lunation the Earth’s 

Axis inclines once to the Moon, once from her, 

plete (2 


Of the Tides. | Qiks 


and twice fidewife to her, as it does to, the. Sun 
every year; becaufe the Moon goes round the 
Ecliptic every month, and the Sun but once ina 
year. In Summer, the Earth’s Axis inclines to- 
wards the Moon when New; and therefore the 
day-tides in the north ought to be higheit, and 
night-tides loweft about the Change: at the Full 
the reverfe. At the Quarters they ouglit to be 
equally high, but unequal in their returns; becauie 
the E.arth’s Axis then inclines fidewile to the Moon. 
In Winter the Phenomena are the fame at iull- 
Moon as in Summer, at New. In Autumn the 
Earth’s Axis inclines fidewife to the Moon when 
New and Full; therefore the Tides ought to be 
equally high, and unequal in their returns at thele 
times. Atthe firft Quarter the Tides of Flood 
fhould be leaft when the Moon is above the Hori- 
zon, greateft when fhe is below it; and the reverfe 
at her third Quarter. In Spring, the Phenomena 
of the frit Quarter anfwer to thofe of the third 
Quarter in Autumn, and vice verfa. The nearer 
any time is to either of thefe feafons, the more the ‘ 
Tides partake of the Phenomena of thefe feafons ; 
and in the middle between any two of them the 
Tides are at a mean {tate between thofe of both. 

308. In open Seas, the Tides rife but to very Why the. 
fmall heights in proportion to what they do in sae 
wide-mouthed rivers, opening in the Direction of vers than in 
the Stream of Tide. For, in Channels growing "***. 
narrower gradually, the water is accumulated by 
the oppolition of the contracting Bank. Like a 
gentle wind, little felt on an open plain, but ftrong 
and brifk in a ftreet; efpecially if the wider end 
of the ftreet be next the plain, and in the way of 
the wind. 

309. The Tides are fo retarded in their paflage The Tides 
through different, Shoals and Channels, and other- da bd 
wife fo varioufly affeéted by ftriking againft Capes the Moon 

: iy from the 
and Headlands, that to different places they hap- Meridian at 
pen at all diftances of the Moon from the Meridian , <iferent 


places, and 
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aya ateghy at all hours of the lunar day. The 
Tide propagated by the Moon in the German 


Ocean, when fhe is three hours paft the Meridian, 


takes 12 hours to come from thence to London 
Bridge; where it arrives by the time that a new 
Tide is raifed in the Ocean. And therefore when 
the Moon has north declination, and we fhould 
expect the Tide at London to be greateft when .the 
Moon is above the Horizon, we find it is leaft; 
and the contrary when fhe has fouth declination. 
At feveral places it is high water three hours be- 
fore the Moon comes to the Meridian ; but that 
Tide which the Moon pufhes as it were before 
ust r, is only the Tide oppofite to that which was 
aifed by her when fhe was nine hours paft the 


Se ote Meridian. 


The Water. 


310. There are no Tides in Lakes, becaufe they 
are generally fo fmall, that when the Moon is 
vertical fhe attracts every part of them alike, and 
therefore by rendering all the water equally light, 
no part of it can be raifed ‘higher than another. 


The Mediterranean and Baltic Seas fuffer very fmall 


The Moon 
raifes Tides 
jn the Air, 


Why the 
Mercury in 
the Baro- 
meter is not 
affected by 
the aerial 


Tides, 


elevations, becaufe the Inlets by which they com- 
municate with the Ocean are fo narrow, that they 
cannot, in fo fhort a time, receive or difcharge 
enough to raife or fink hn furfaces fenfibly, si 


311. Air being lighter than Water, and the 
furface: of the Atmofphere being nearer to the 
Moon than the furface of the eg it cannot be 


‘doubted that the Moon ratfes much, higher Tides 


in the Air than in the Sea. And therefore many 


have wondered why the Mercury does not fink in 


the Barometer when the Moon’s aétion on the 
particles of Air makes them lighter as. fhe paffes 
over the Meridian. But we mule confider, that 
as thefe particles are rendered lighter, a greater 
number of them is accumulated, until the defi- 
ciency of gravity be made up by the height of the 
Crag ; and then there is an equilibrium, and con- 


is ae 
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fequently an equal preffure upon the Mercury 
as before; fo that it cannot be affected by the 
aerial Tides. 


CHAP. XVIII. 


Of Eclipfes: Their Number and Periods. A large 
Catalogue of Ancient and Modern Echpfes. 


312. VERY Planet and Satellite is illumin- A fthadow,. 
ated by the Sun; and cafts a fhadow “'* 

towards that point of the Heavens which is oppo- 

fiie to the Sun. This fhadow is nothing but a 

privation of light in the {pace hid from the Sun 

by the opake body that intercepts his rays. 

313. When the Sun’s light is fo intercepted by Ectiptes of 
the Moon, that to any place of the Earth the Sun yy" 5°" *"4 
‘appears partly or wholly covered, he is faid to what. 
undergo an Eclipfe; though properly fpeaking, ‘it 
is only an Eclipfe of that part of the Earth where 
the Moon’s fhadow or * Penumbra falls. When 
the Earth comes between the Sun and Moon, the 
Moon falls into the Earth’s fhadow; and-having 
no light of her own, fhe fuffers a real Eclipfe from 
the interception of the Sun’s rays. When the Sun 
is eclipfed to us, the Moon’s Inhabitants on the 
fide next the Earth (if any fuch there be) fee her 
fhadow like a dark fpot travelling over the Earth, 
about twice as faft as it’s equatoreal parts move, 
and the fame way as they move. When the Moon 
isin an Eclipfe, the Sun appears eclipfed to her, 

‘total to all thofe parts on which the Earth’s fhadow 
falls, and of as long continuance as they are in 
the fhadow. 

314. That the Earth is fpherical (for the hills 4 proof that 
tale off no more from the roundnefs of the Earth, $15 oe, 
than grains of duft do from the roundnets of a 2 slooulae 


* The Penumbra is a faint kind of fhadow all around the 
-perfect fhadow of the Planet or Satellite, and will be more 
fully explained by and by, | 

common 
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common Globe) is. evident from the figure of its 

fhadow on the Moon; which is always bounded 

by a circular line, although the Earth is inceffantly 

turning it’s different fides to the Moon, and very 

feldom fhews the fame fide to her in different 

Eclipfes, becaufe they f¢ldom happen at the fame 

hours, Were the Earth fhaped like a round flat 

plate, it’s fhadow would only be circular when 

either of it’s fides directly faced the Moon; and 

more or lefs elliptical as the Earth happened to be 

turned more or lefs obliquely towards the Moon 

when fhe is eclipfed. ‘The Moon’s different Phafes 

prove her to be round, § 254; for, as the keeps 

ftill the fame fide towards the Earth, if that fide 

were flat, as it appears to be, fhe would never be 

vifible from the third Quarter to the firft,; and 

from the firft Quarter to the third, fhe would ap- 

pear as round as when we fay fhe is Full: becaufe 

at the end of her firft Quarter the Sun’s. light 

would come. as fuddenly on all her fide next the - 
Barth, as it does ona flat wall, and go off as ab- 

: ruptly at the end of her third Quarter, 

Andthetthe 315. If the Karth and Sun were equally big, 
ne aii the Earth’s fhadow would be infinitely extended, 

ed i ea and all of the fame bulk; and the Planet Mars, | 

Moon much i either of it’s Nodes and oppolite to the Sun, — 
tess would be eclipfed in the Earth’s fhadow. Were 
the Earth bigger than the Sun, it’s fhadow would 
increafe in bulk the farther it extended, and would 
eclipfe the great Planets Jupiter and Saturn, with 
all their Moons, when they were oppofite to the 

Sun. But as Mars in oppofition never falls into | 

the Earth’s fhadow, although he is not then above _ 

42 millions of miles from the Earth, it is plain ¥ 

that the Earth is much lefs than the Sun; for — 

otherwife it’s fhadow could not end in a point at — 

fo {mall a diftance. If the Sun and Moon were — 

equally big, the Moon’s fhadow would go on to— 

the Earth with an equal breadth, and cover a por-_ 

tion of the Farth’s furface more than 2000 miles — 

bait broad, — 
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broad, even if it fell directly againft the Farth’s 
center, as feen from the Moon: and much more 
if it fell obliquely on the Earth: but the Moon’s 
fhadow is feldom 150 miles broad at the Earth, 
unlefs when it falls very obliquely on the Earth, 
in total Eclipfes of the Sun. In annular Eclipies, 
the Moon’s real fhadow ends in a point at fome 
diftance from the Earth. The Moon’s fmall dif- 
tance from the Earth, and the fhortnefs of her 
fhadow, prove her to be lefs than the Sun. And, 
as the Earth’s fhadow is large enough to cover the 
Moon, if her diameter were three times as large as 
it is (which is evident from her long continuance 
in the fhadow when fhe- goes through it’s center) 
it is plain, that the Earth is much bigger than 
the Moon. , 

316. Though all opake bodies on which the 
Sun fhines have their fhadows, yet fuch is the 
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The pri- 
mary Plas 


nets never 


bulk of the Sun, and the diftances of the Planets, eclipte one 


that the primary Planets can never eclipfe one 
another. A Primary can eclipfe only it’s Secon- 
_ dary, or be eclipfed by it; and ‘never but when in 
oppofition or conjunétion with the Sun. ‘The pri- 
mary Planets are very feldom in thefe pofitions, 
but the Sun and Moon are fo every month: whence 
one may imagine that thefe two Luminaries fhould 
be eclipfed every month. But there are few 
Eclipfes in refpect of the number of New and Full 
Moons; the reafon of which we fhall now explain. 


another. 


317. If the Moon’s Orbit were coincident with why there 


the Plane of the Ecliptic, in which the Earth al- suis. 


ways moves and the Sun appears to move, the 
Moon’s fhadow would fall upon the Earth at every 
Change, and eclipfe the Sun to fome parts of the 
Earth. In like manner the Moon would go 
through the middle of the Earth’s fhadow, and be 
eclipfed at every Full; but with this difference, 
that fhe would be totally darkened for above an 
hour and half; whereas the Sun never was above 
four minutes totally eclipfed by the interpofition 

of 
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TheMoon’s Of the Moon. But one half of the Moon’s Orbit 


Nodes. 


Limits of 
Eclipfes, 


is elevated 53 degrees above the Ecliptic, and the 
other half as much depreffed below it: conie- — 
quently, the Moon’s Orbit interfe€ts the Ecliptic 
in two oppofite points called the Moon’s Nodes, as 
has been already taken notice of, § 288. “When 
thefe points are in a right line with the center of 
the Sun at New or Full Moon, the Sun, Moon 
and Earth, are all ina right line; and if the Moon 
be then New, her fhadow falls upon the Earth; 
if Full, the Earth’s fhadow falls upon her. When 
the Sun and Moon are more than 17 degrees from 
either of the Nodes at the time of Conjunétion, 
the Moon is then generally too high or too low in 
her Orbit to caft any part of her fhadow upon the 
Barth. And when the Sun jis more than 12 de- 
grees from either of the Nodes at the time of Full 
Moon, the Moon is generally. too high or too low 
in her Orbit to go through any part of the Earth’s 
fhadow : and in both thefe cafes there will be no 
Eclipfe. But when the Moon is lefs than 17 de- 
grees from either Node at the time of Conjunétion, 
her fhadow or Penumbra falls more or lefs upon 
the Earth, as fhe is more or lefs within this 
limit *. And when the is lefs than 12 degrees 
from either Node at the time of Oppofition, the 
goes through a greater or lefs portion of the Earth’s 
fhadow, as fhe is more or lefs within this limit. 
Her Orbit contains 360 degrees; of which 17, the 3 
limit of folar Eclipfes on either fide of the Nodes, : 
and 12, the limit of lunar Eclipfes, are but {mall _ 
portions: and as the Sun commonly paffes by the 
Nodes but twice in a year, it is no wonder that 


“ This admits of fome variation: for, in apogeal Eclipfes, — 
the folar limit is but 16} degrees ; and in perigeal Eclipfes it 
is 184, When the Full Moon is in her Apogee, fhe will — 
be eclipfed if fhe be within 103 degrees of the Node; and 
when fhe is full in her Perigee, the will be eclipfed if the be 
Within 123, degrees of the Node. oa ; 
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we Have fo many New and Full Moons without pare x. 
Echpmeee 9° 887 

Vo illuftrate this, lec 7 BCD be the Ecliptic, rig.t.. 
RSTU a Circle lying in the fame Plane with the } 
Hcliptic, and VW XY the Moon’s Orbit, ali thrown 
into an oblique view, which gives them an ellip- 
tical fhape to the eye. One half of the Moon’s 
Orbit, as V W X, is always below the Ecliptic, and 
the other half X 2 above it. The points V and 
X, where the Moon’s Orbit interfects the Circle 
RSTU, whichies even with the Ecliptic, are the 
Moon's Nodes; anda right line, as XZV, drawn 
from one to the other, through the Earth’s center, is | 
called the Line of the Nodes, which is carried almoft Line of the 
parallel to itfelf round the Sun in a year. pe 
Tf the Moon moved round the Earth in the 
“Orbit RST U, which is coincident with the Plane 
of the Ecliptic, her fhadow would fall wpon the — 
Earth every time fhe is in conjun¢tion with the 
Sun, and at every oppofition fhe would go through 
the Farth’s fhadow. Were this the cate, the Sun 
would be eclipfed at every Change, and the Moon 
at every Full, as already mentioned. | 

But although the Moon’s fhadow N muft fall 
upon the Earth at a, when the Earth is at #, and 
the Moon in conjunction with the Sun at 7, becaufe 
fhe is then very near one of her Nodes; and at_ 
her oppofition # fhe muft go through the Earth’s 
fhadow J, becaufe fhe is then near the other Node; 
yet, in the time that the goes round the Earth to » 
her next-Change, according to the crder of the 
letters YY VW, the Earth advances from E toe, 
‘according to the order of the letters H #G Ay, and 
the line of the Nodes Y E X being carried nearly 
parallel to itfelf, brings the point / of the Moon’s 
Orbit in conjunction with the Sun at that next 
Change; and then the Moon being at f, is too 
high above the Ecliptic to caft her fhadow on the 
Earth : and as the Earth is ftill moving forward, 
the Moon at her next oppofition- will be at g, too 

far 
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PLATE X. far below the Ecliptic to go through any part of 
the Earth’s fhadow; for by that time the point g 
will be at a confiderable diftance from the Earth 
as feen from the Sun. 

When the Earth comes to F, the Moon in con- 
junction with the Sun Z is not at 4, in a Plane 
coincident with the Ecliptic, but above it at Y in 
the higheit part of her Orbit: and then the point 
6 of her fhadow O goes far above the Earth (as in 
Pig. If, which is an edge view of Fig. J.) The 

Fig.1. and Moon at her next oppolition is not at o (Fig. I.) 

H, but at 7/7, where the Earth’s fhadow goes far above 
her (as in Fig. II.) In both thefe cafes the line of 
the Nodes Y f.X (Fig. I.) is about 90 degrees 
from the Sun, and both Luminaries are as far as 
poflible from the limits of Eclipfes. | 

When the Earth has gone half round the Eclip- 
tic from £ to G, the line of the Nodes V GX ‘is 
nearly, if not exactly, directed towards the Sun at 
Z; and then the New Moon / cafts her fhadow P 
on the Earth G; and the Full Moon p goes through 
the Earth’s fhadow L; which brings on Ecliples 
again, as when the Earth was at EZ. Sante 

When the Earth’ comes to H, the New Moon 
falls not at m in a plane coincident with the Ecliptic 
CD, but at W inher Orbit below it: and then ° 
her fhadow (fee Fig. I.) goes far below the 
Fiarth. At the next Full the is not at ¢g (Fig. I.) 
but at Y in her Orbit 54 degrees above g, and at 
her greateft height above the Ecliptic CD; being 
then as far as poflible, at any oppofition, from the 
Earth’s fhadow M (as in Fig. If.) 

So, when the Earth is at # and G, the Moon is 
about her Nodes at New and Full; and in her 
ereateft North and South Declination (or Latitude 
as itis generally called) from the Ecliptic at her 
Quarters: but when the Earth is at F or A, the 
Moon is in her greateft North and South Declination 
from the Ecliptic at New and Full, and-in the 
Nodes about her Quarters. ? 
} . 318. The 


* 
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318. The point X where the Moon’s Orbit PLaTex. 
crofles the Ecliptic is called the “/cending Node, aaah 
becaufe the Moon afcends from it above. the and defeen- 
Ecliptic : and the oppofite point of interfection Y “"* “*** 
is called the. Defcending Node, becaufe the Moon 
defcends from it below the Eclipric. When the Her North 
Moon is at Y in the higheft point of her Orbit, fhe 74707" 
is in her greateft North Latitude; and when. fhe is 
at W in the loweft point of her Orbit, fhe is in her 
greatelt South Latitude. 

319. If the line of the Nodes, like the Earth’s The Nodes 
Axis, was carried parallel to itfelf round the Sun, eehalt 
there would be juft half a year between the con- motion. 
junctions of the Sun and Nodes. But the Nodes 
fhift backward, or contrary to the Earth’s annual 
motion, 194 degrees every year; and therefore the Fig. I. 
fame Node comes round to the Sun 19 days fooner 
every year than on the year before. Coniequently, 
from the time that the afcending Node X (when 
the Earth is at #) pafies by the Sun as feen from 
the Earth, it is only 173 days (not half a year) 
till the defcending Node / pafies by him. There- 
fore, in whatever time of the year we have Eclipfes which 
of the Luminaries about either Node, we may be she Rate 
fure that in 173 days afterward we fhall have fooner every 
Eclipfes about the other Node. And when at any er pana 
time of the year the line of the Nodes is in the be if the — 
fituation V GX, at the fame time next year ic will ne 
be in the fituation r Gs; the afcending Node ha- motion. 
ving gone backward, that is, contrary to the order © 
of Signs, from X tos, and the defcending Node 
from / tor; each 19% degrees. At this rate the . 
Nodes fhift through al] the figns and degrees of 
the Ecliptic.in 18 years and 225 days; in which 
time there would always bea regular period of 
Eclipfes, if any compleat number of Lunations— 
were finifhed without a fraction. Buc this never 
happens; for if both the Sun and Moon fhould 
ftart from a line of conjunction with either of the 
Nodes in any point of the Ecliptic, the Sun would 

perform 
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perform 1:8 annual revolutions and 222 degrees 
over and above, and the Moon 230 Lunations and 
85 degrees of the 231ft, by the time the Node 
came round to the fame point of the Ecliptic 
again: fo that the Sun would then be 138 degrees 


. from the Node, and the Moon 85 degrees from 


A period of 
Eclipfes, 


the Sun. 4 
320. But, in 222 mean Lunations, after the 

Sun, Moon, and Nodes, have been once in a line 
of conjunction, they return fo nearly to the fame 
{tate again, as that the fame Node, which was in 
conjunction with the Sun and Moon at the begin- 
ning of the firft of thefe Lunations, will be within 
28’ 12” of a degree of a line of conjunction with 
the Sun and Moon again, when the laft of thefe 
Lunations 1s compleated. And therefore, in that 
time, there will be a recular period of Eclipfes, 
or return of the fame Eclipfe, for many ages.—In 
this period (which was firft difcovered by the 
Chaldeans) there are 18 ulian years 11 days 7 
hours 43 minutes 20 feconds, when the laft day 
of February in Leap-years is four times included: 

but when it is five times included, the period con- 
fifts of only 18 years 10 days 7 hours 43 minutes 
20 feconds. Confequently, if to the mean time 
of any Eclipfe, either of the Sun or Moon, you 
add 18 Fulian years 11 days 7 hours 43 minutes 
20 feconds, when the laft day of February in Leap- 
years comes in four times, or a day lefs when it 
comes in five times, you will have the mean time 


of the return of the fame Eclipfe. 


But the falling back of the line of conjunctions 
or oppofitions of the Sun and Moon 28’ 12” with 
refpect to the line of the Nodes in every period, 
will wear it out in procefs | of time; and after that, 
it will not return again in lefs than 12492 years.— 
Thefe Eclipfes of the Sun, which happen about 
the Afcending Node, and begin to come in at the 
North Pole of the Earth, will eo a little foutherly 
at each return, till. they go quite off the Harth at 

the 
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the South Pole; and thofe which happen about 
.the Defcending Node, and begin to come in at 
, the South Pole. of the Earth, will go a little nor- 
-therly at each return, till at laft they quite leaye 
_the Earth at the North Pole. 


To. exemplify this matter, we fhall firft confider 


, the Sun’s Eclipfe, March 21ft Old Stile (April itt 
>New Stile) A. D. 1764, according to it’s mean 
_revolutions, without equating the times, or the 
-Sun’s diftance from the Node; and then according 


, to it’s true equated times. 


return, quite clear of the Earth, ever fince the » 


This; Eclipfe fell in the open fpace at each 


_ creation till A. D. 1295, Fune 13th Old Stile, ,at 


_12h. 52.m. 59 fec. pot meridiem, when the Moon’s' 
fhadow firft,touched the Earth at the North Pole ; 
-. the Sun being then 17° 48° 27° from the Afcend- 


-ing.Node.-—-In each period fince that time, the 
» Sun has.come 28° 12, nearer and nearer the fame 


» Node, and:the Moon’s.fhadow. has. therefore. gone . 


more and more foutherly.—In the year 1962, july 
, 18th Old Stile, at 19h. 36m. 21,fec. p.m when 


-~ 


the fame Eclipfe will have returned 38 times, the . 


~ Sun, will be only 24 45° from the, Afcending 


-Node, and the center of the Moon’s fhadow will 


, fall alittle northward of the Earth’s center.—At 
-:the end, of the next following period, A.D, 1980, 
| Fuly 28th Old Stile, at 18h. 19 m. 41 fec, p,m. 

_ the Sun. will, have receded back, 3° 27° from, the 
_ Afcending.Node, and the Moon will have a very 
. {mall degree of fouthern Latitude, which will caufe 


the center,of her fhadow to pafs a very {mall matter 


. fouth ,of, the, Earth’s center.—After which, , in 


every following period, the Sun will be 28° 12” 


farther back from the. Afcending Node than in 
_ the period laft, before ; and the Moon’s fhadow will 
_ go {till farther and farther fouthward, until Sep- 


~ tember 12th Old Stile, at 23 h..46m. 22,fec. p.m. 
ofkenD, 2065 5 >. when. Che Eclipfe will have com- 
pleated it’s. 77th. periodical, return, and_ will, go . 


quite 
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quite off the Earth at the South Pole (the Sun 
being then 17° 55 22° “back from the Node) ‘and 


“it cannot come in at the North Pole, fo as to begin 


the fame Courfe over again, m lefs then 12492 
years afterward.—Afid fuch will be the cafe of 
every other Eclipfe of the Sun: for, as there is 


-about 18 deorees on each fide of the Node within 


o 


which there is a pofibility of Eclipfes, their whcle 
revolution goes through 36 degrees ‘about that 
Node, which taken from 3260 dearees, leaves re- 


maining 324 degrees for the Ecl: ples to travel im 
expanfum. And as this 36 degrees is not gone 
through in lefs than ah periods, which takes up 

1388 years, the remaining 324 degrees cannot be 
fo gone through in lefs thn 12492 years. For, 
as 36 is to 1388, fo 1s 324 tO 12492. 

321. In order to fhew both the mean and true 
times of the returns of this Eclipfe, through all it’s 
periods, together with the mean Anomalies of the 
Sun and Moon,. at each return, and the mean and 
true diftances of the Sun from the Moon’s Afcend- 
ing Node, and the Moon’s true Latitude at the 
true time of each New Moon, I have calculated © 
the following Tables for the fake of thofe who may 
choofe to projet this Eclipfe at any of it’s returns, - 
according to the rules laid down in the 15th 
Chapter ; and have thereby taken by much the 
greateft part of the trouble off their hands. —All 
the times are according to the Old Stile, for the 
fake of a regularity which, with refpect to the 
nominal days of the Months, does not take place | 
in the New: but by adding the days cifference of 
Stiles, they are reduced to “he times which agree 
with the New Stile. | 

According to the mean (or fuppofed equable) 


. motions ot the Sun, Moon, and Nodes, the Moon’s — 


fhadow in this Eclipfe would have firft touched the 
Earth at the North-Pole, on the 14th of. Sune, 
A, D. 1295, at 12h. 52m. 59 fec. paft Noon on © 


the meridian of Randers and would quite leave the 


Earth 
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“arth at the South Pole, on the 12th of September, 
A.D. 2665, at 23h. 46m. 22 fec. paft Noon, at 
the completion of it’s 77th period; as thewn by 
the firft and fecond Tables. 

But, on account of the true (or unequable) mo- 
tions of the Sun, Moon, and Nodes, the firft 
coming-in of this Eclipfe, at the North Pole of the 
Earth, was on the 24th of Fune, A.D. EXES) Ab 
3h. 57m. 3fec. paft Noon; and it will finally 
leave the Earth at the South Pole, on the gr1ft of 
July, A. D. 2593, at 10h. 25 m. 3rfec. pat 
Noon, at the completion of it’s 72d period ; as 
fhewn by the third and fourth Tables.—So that, 
the true motions do not only alter the true times 
_ from the mean, but they alfo cut off five periods 
from thofe of the mean returns of this Eclipfe. 


Q2 TABLE 
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TABLE. lk» Lhe mean-Time of New Moon, with the mean Auomales of 
the Sunand Moon, and the Sun’s mean Diftance from the Moon's Afcending 
Node,at the mean Time of each periodical Return of the Sun’s Eclipse, March 
21ff, 1764, from it’s firft coming upon.the.Earth fince the Creation, till it 
falls right againft the arth’s center, according to the OM. Stile... -; 
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TABLE OIL» The mean Time of New Moon, with the mean Anomalies of { 

the Sun and Moon, and the Sun’s mean Diftance from the Moon’s Afcending 
Node, at themean Time of each periodical Return of the Sun’s Eclipfe, Niarch 
21/f?, 1764; from the mean Time of it’s falling right againj? the Earth's cen- 
ter, till it finally leaves the Earth, according to the ‘Fuliaa or Old Stile... 
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The true Time of New Moon, with the Sun’s true Dijiance) 
from the Moon's Afcending Node, and the Moon's true Latitude, at the true| 
Time of each periodical Return of the Sun’s | clipfe, Niarch 21/2, Old Stile, 
A.D. 170. , from the Time of it’s jirft coming upon the Earth fince the Crea- i 

tion till it falls right againft the Barth's center. 
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between theSun’s mean and true Liiftances from the ' ode,the V,ceon’s fhadov 
fiils even with the Harth’s center two periods fooner in this Table than ir 
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from the Moon's Afcending Node, and the Moon’s true Latitude, at each perio 


1944] July 
1962] July 
1980} july 


2052 Sept. 
yo | sept. 


~42088} O4. 


2105}0&. 
Oe, 


Nov, 


Nov. 


12196] Dec 


2214] Dec. 
2232} Dec. 
Jan. 
2269 | Jan. 
2 fan. 
Feb. 
feb. 
Mar. 
Viar. 


2595 
2323 
2341 
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Apr. 
2431} Apr. 
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240-1 May 
2485 | May 
2503] June 
2321] June 
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2575 | July 
2543 | July 


2611 | Aug. 


3 Aug. 
2016| Aug, 
2334] Aug. 


ra f 3 eu OV. * 
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By the true Motions of the Sun, Moon, and Nodes, this iclipfe goes off the 
jEarth tour Periods fooner than it would have done by mean equable Motions. 
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« To illuftrate this a little farther, we fhall exa+ 
mine fome of the moft remarkable circumftances . 


of the returns of the Eclipfe which happened: 
Fuly 145 1748, aboutnoon. ‘This Eclipfe, after” 


traverfing the voids of {pace from the Creation, 


at vhitt began to enter the Terra Auftralis Incog- 
nita, about 88 years after the Conquett, which 
was the la(t of King SrepHen’s reign every 
* Chaldean period it has crept more northerly, 
but was {till invifible in Britaiw before the year 
1622; when on the 3oth of April it began to 
touch the fouth parts of Exgland about 2 in the 
afternoon ; it’s central appearance rifing in the 
American South Seas, and traverfing Peru and 


¢ the Amazon's country, through the Atlantic ocean 


into Africa, and fetting in the ibiopian conti- 
nent, not far from the beginning of the Red Sea. 
«< Tr’s next vifible e period v was after three Chaldean 


revolutions in 1676, on the firlt of June, rifing 


central in the Ailantic ocean, pafling, us about 
g in the morning, with four + Digits ‘eclipfed on 


the under limb ; “and fetting in the gulph of _ 


Cochinchina in the Eafi- Indies. 


© Tt being now near the Solftice, this Eclipfe 


was vifible the very next return in 1694, in the 
evening ; and in two periods m ore, which was 
in 1730, on the 4th of 7u/y, was feen above half 
eclipfed juft after Sun-rife, and obferved both 
at Wirtemberg in Germany, and Pekin in China, 
foon after which it went off. 
Eighteen: years more afforded us the Eclipte 
at fell on the 14th of 7uly 1748. : 

¢ The next vifible return will happen on Fuly 
25,1766, in the evening, about four Digits 
eclipied ; ; and alter two periods more, on biti 


r 


ee Ehe above } period of 18 years 11 days 7 hours 43 minutes 


z0 feconds, which was found out. by the CAaldeans, and by 
them called Sares, 


+ A Digit is a twelfch part of the diameter of the Sun or 


Moon. 


- 16th, ‘ 
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16th, 1802, early’ in the morning, about’ five 

Digits, the center coming from the north frozen 

continent, by the capes of Norway, through 

Tartary, China, and Fapan, to the Ladrone iflands, 

where it goes off. 
“© Aoain, in 1820, Auguft 26, betwixt one and 
two, there will be another great Eclipfe at London, 

about 10 Digits; but happening fo near the 

Equinox, the center wiil leave every part of 
Britain to the Weft, and enter Germany at Emb- 

den, paffing by Venice, Naples, Grand Cairo, and 

fet in the gulf of Baffora near that city. 

«¢ Tt will be no more vifible till’'1874, when five 

Dicits will be obfcured (the center being now 

about to leave the Earth) on September 28. In 


1892 the Sun will go down eclipfed at London, 
and again in 1928 the paflage of the center will 


be in the expanfum, though there will be two 
Digits eclipfed at London, Offober the grit of 
that year; and about the ‘year 2090 the whole 
Penumbra will be wore off; whence no more 
returns of this Eclipfe can happen till after a re- 
volution of ro thoufand years. . 
¢¢ From ‘thefe remarks on the intire revolution 
of this Eclipfe, we may gather, that a thoufand 
years, more or lefs (for there are iome irregula- 
rities that may protract or lengthen this period 
100 years) complete the whole terreftrial Phe- 
nomena of any fingle Eclipfe: and fince 20 pe- 
riods of 54 years each, and about 33 days, com- 
prehend the intire extent of their revolution, it 
is evident that the times of the returns will pafs 
thfough a circuit of one year and ten Months, 
every Chaliean period being ten or. eleven days 
later, and of the equable appearances about 32 
or 33 days. Thus, though this Eclipfe happens: 
about the middle of fu/y, no other fubfequent 
Eclipfe of this period will return to the middle 
of the fame month again; but wear conftantly 
each period ro or 11 days forward; and at iaft 
“* appear 
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“ appearin Winter, but then it begins to ceafe from, 
‘¢ affecting us. | : 
*¢ Another conclufion from this revolution may 
«© be drawn, that there will feldom be any more, . 
*¢ than two great Eclipfes of the Sunin the interval. 
‘“* of this period, and thefe follow fometimes next 
© return, and often at greater diftances. That of 
“3715 returned again in 1733 very great; but, 
“¢ this prefent Eclipfe will not be great till the, 
«¢ arrival of 1820, which. is a revolution of four 
“ Chaldean periods: fo that the irregularities of 
_ © their circuits muft undergo new computations to. 
*¢ affion them exactly. 
‘¢ Nor do all Eclipfes come in at the fouth Pole; 
“¢ that depends altogether on the pofition of the 
“¢ lunar Nodes, which will bring tn as many from 
“< the expanfum one way as, the other; and fuch, 
“¢ Eclipfes will wear more foutherly by degrees, 
<* contrary to what happens in the prefeot cale. 
“© The, Eclipfe, for example, cf 1736, in Sep- 
“* tember, had it’s. center in the expanfum, and et, 
«© about the middle of it’s obfcurity in Britains it 
‘<¢ will wear in at the north Pole, and in the year, 
“© 2600, or thereabouts, go off in the expanfum on 
the fouth fide of the Earth. 
The. Eclipfes therefore which happened about 
“© the Creation are little more than half way yet 
“ of their ethereal circuit ; and will be 4000 years 
“© before they enter the Earth any more. This 
“‘ srand revolution feems to have been entirely 
*¢ unknown to the antients. . 
Why our 322. “ It is particularly to be noted, that Eclipfes 
sepa ‘© which have happened many centuries ago, will 
‘© not be found by our prefent Tables to agree ex- 


x 


tal 
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not with 
totient ob- $° actly: with antient obfervations, by reafon of the 
men’ 66 great Anomalies in the lunar motions; which 
“‘ appears an inconteftable demonftration of the 

‘© non-eternity of the Univerfe. For it feemscon-_ 

‘‘ firmed by undeniable proofs, thatthe Moon now 

‘* finithes,her period in lefs time than formerly, 

2s) . a4 and 
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«and will continue by the centripetal law to ap- 
** proach nearer and nearer the Earth, and to go 
‘¢ fooner and fooner round it:. nor will the centri- 
“< fugal power be fufficient to compeniate the dit-, 
« ferent gravitations of fuch an aflemblage of 
“ bodies as conftitute the folar fyftem, which would 
“¢ come to ruin of itfelf, without fome new regu- 
‘© Jation and adjuftment of their original motions*. 
323. * We are credibly informed from the tefti- eens 
« mony of the antients, that there was a total ~*~ 
*¢ Eclipfe of the Sun predicted by Taxes to hap- 
* pen in the fourth year of the Aoth + Obmpiad, 
‘© either 


* ‘There are two antient E-clipfes of the Moon, recorded by 
Ptolemy trom Hipparchus, which ae an undeniable procf of 
the Moon’s acceleration. The firft of thefe was obferved at Ba- 
bylon, December the 22d, in the year before Cunisr 333.: when 
the Moon began to be eclipfed about half an hour before the 
Sun rofe, and the Eclipfe was not over before the Moon fer: 
but by moft of our Aftronomical T ables, the Moon was fet at 
Babylon half an hour before the Eclipfe began; in which cafe, 
there could have been no pofibility of “obiex ving it. ,'The 
fecond Eclipfe was obferved at Alexandria, September the 22d, the 
year before Curist 201; where the Moon rofe fo much eclipf- 
-ed, that the Eclipfe muft have begun about half an hour. be- 
fore fhe rofe: whereas, by moft of our ‘Tables, the beginuing 
of this Eclipfe was not till about 10 minutes after the Vioon 
rofe at dlexandria, ad thefe Eclipfes begun eh ended while 
the Sun was below the Horizon, we might have imagined, 
that as the antients had no certain way of meafuring time, 
they might have been fo far miftaken in the hours, that we 
could not have laid any firefs on the accounts given by them. 
But, as in the firft Eclipfe the Moon was fet, and confequently 
the Sun rifen, before it was over; and in the fecond Eclipfe 
theSun was fet and the Moen notrifen, till fome time after it 
began; thefe are fuch circumftances as the obfervers could not 
poilibly k be miftaken in. Mr. Sek in the following Cata- 
logue, notwithfianding the expres words of Piol/emy, puts down 
thefe. two ! clipfes as “obferved at Athens ; where they might 
have been feen as above, without any acceleration of the 
Moon’s motion: dthens being zo degrees Weft.of Babylon, and 
7 degrees Welt of Alexandria, 

+ Each Ofmpiad bean at the time of Full Moon next after 
the Summier Solitice, and lafied four’ years, which were of un- 
equal lengths, becaufe the time of !'ull Moon differs i1 days 
every year: fo that they might fometimes begin on the next 

day 


j 
‘ 
~ 
? , 


Bs) 26 


Of Eclipses. 


“ either at Sardis or Miletus in Afia, where THALES 
“ then refided) That year correfponds to the 
« Seth year before Curist; when accordingly 
there happened a very fignal ecliple of the Sun, 


~&6 
GG 


6c. 


roth of that month*, central through North 
“. America, the fouth parts of France, Italy, &c. as 
“far as Athens, or the Ifles in the Agean Sea, 
“© which is the fartheft that even the Caroline Tables 
“* carry It; and confequently make it invifible to 
“ any part of Afa, in the total character; though 
“¢ Thave good realons to believe that it extended 
to Babylon, and went down central over that city, 
We are not however to imagine, that it was fet 


66 


ce 


day after the Solftice, and at other times not till four weeks 
after it. ‘The firft Olympiad began in the year of the Julian 
Period 3938, which was 776 years before the firk year of 
Cueist, or 775 before the year of his birth; and the laft 
Olympiad, which was the 293d, began 4. D. 397. “At thie ex- 
piration of each Olympiad, the Olympic Games were celebrated 
in the Elean fields, near the river Alpheus in the Peloponnesus 


(now Morea} in honour of JuprveR ULYMPUS, See STRAU~ ~ 


caius’s Breviarium Chronslogium, p. 247-251. 

%* The reader may probably find it dificult to underfand 
why Mr. Smiru fhouild reckon this Pclipfe to have been in the 
4th year of the 48th Olympiad, as it was only in the end of the 
third year: and alfo why the 2¢th of May, in the (85th yeat 
before Curist, fhould anfwer to the prefent 1cth of that Month. 
But we hope the following explanation will remove thefe 
difficulties. / sent 

The month of May (when the Sun was eclipfed) in the 585th 
vear before the firft year of CurisT, which was a leap-year, 
fell in the latter end of the third year’ of the 4%th Olympiad ; 
and the fourth year of that Olympiad began at the Summer 

-Solftice following: but perhaps Mr. dvi begins the years of 


the Olympiad from Fanuary, in order to make them correfpond 


more- readily with Julian years; and fo reckons the month 


of May, when the Eclipfe happened, to be in the fourth year 
of that Olympiad. 

The Place or Longitude of the Sun at that time was & 29° 
43 17, to which jame place the Sun returned (after 2300 
years, viz.) 4. D. 1716, on May, gs ch 6™ after noon: fo 
that, with refpect to the Sun’s place, the oth of May, 1716, 
an{wers to the 28th of May in the 58 th year before the firit 
year of Curist ; that is, the. Sun had the fame Longitude on 
both thofe days. : 7 


a 
4 
, 
a 


on the 28th of May, anfwering to the prefent 


“ before 


ce 
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« before ‘it paft Sardis and the Afatic towns, 
«c°where ‘the! predictor lived; becaufe an invifible 
so Edlipfe could have been of no fervicé'to déttion- 
oe ftrate his ability i in Aftronornical Sciences ‘to his 
ai countrymen, as it could cive no’ proof’ of ‘it’s 
<< reality. 

324. *¢ Fora farther illuftration, Tuucypipes 
« réldtes, that afolar Eclipfe' happened on a’Sum- 
« mer’s day in the afvernoon, in the! firft® year of 
“the Péloponnefian war, fo great, thatthe Stars ap- 


«peared. “Rwovius” was’ reidtor inthe Oljmpic 


“ games the fourth year of thé faid war, being ‘alfo 
“the fourth “of ‘the sae Olympiad, on the 428th 
“ véar béforé Crist. ‘So ‘that thé Eclipfe mutt 
“6 have’ happened in the 43 ift year before Curis ; 


“and by'’computation it appears, that on thé 3d 


“of Auguft theré was a ficnal Echpfe which would 


wes? Have’ ‘pat over Athens, “eentral about’ 6'in ‘the 


“evening, but which dur prefent Tables bring no 
“farther than the antient Syrtes on the African 


“ dalt; above’ 400 miles’ from ‘Athens 5° which 
ju fulFeting i in that cafe but 9 Digits, could by ‘no 
«| means exhibit the ‘témarkable darknefs recited 
‘* by this hiftorian; the center’ therefore feéms:to 
“have ‘palit ‘Athens about 6 in the evéning,*and 
- ptdbably might go down’ about Ferufalem; or 
<? niéar. it, ‘contrary ‘to ‘the conftruétion of ‘the pre- 
<< fént Tables. * I'Have only obviated ‘thefe things 
she ‘by way of caution’ to the prefent! Afttonomers, 
“ in re? “computing antient Eclipfes ; and référ them 
“to examine the! Kelipfe of Nrczas,° fo’ fatal'to’the 
“© “ibénian feet* ; that which overthrew'thé AZace- 
“* donian Army}, ec.” So far Mr, Situ. 

“325. Tn'any year, the number of Eclipies of both 
Thisinhavies cannot be lefs ‘than’ two,'nor more-than 


feven 5° the’ moft: ufual ‘number? is ° “four, ‘and: it-is 


very rare to ‘have more than fix.’ For’ thé Sun 


“pafies by both “the Nodes but ‘once 4 year, ‘unlels 


* Before Curist 413, Auguf 27. 
 # Before Curist 168, Fune 4 


he 
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he paffes by one of them in the beginning of the 


year; and if he does, he will pafs by the fame Node 


again a little before the year be finifhed ; becaufe, 
as thefe points move 19; degrees backward every 
year, the Sun will come to either of them 173 days 
after the other, § 319. And when either Node is . 
within 17 degrees of the Sun at the time of New 
Moon, the Sun will be eclipfed. At the fubfe- 
quent oppofition, the Moon will be eclipfed in the 
other Node; and come round to the next conjunc- 


tion again ere the former Node be 17 degrees paft 


the Sun, and will therefore eclipfe him again. When 
three Eclipfes fall about either Node, the like 
number generally falls about the oppofite; as the 
Sun comes to it in 173 days afterwards: and fix 
Lunations contain but four days more. Thus, 
there may be two Eclipfes of the Sun and one of 
the Moon about each of her Nodes. But when the 
Moon changes in either of the Nodes, fhe cannot 
be near enough the other Node at the next Full 
to be eclipfed; and in fix lunar months afterward 
fhe will change near the other Node: in thefe cafes 
there can be but two Eclipfes in a year, and they 
are both of the Sun. , 
326. A longer period than the above-mentioned, 
§. 320, for comparing and examining Eclipfes which 
happen at long intervals of time, is 557 years 21 
days 18 hours 30 minutes 11 feconds; in which © 
time there are 6890 mean Lunations; and the Sun 
and Node meet again fo nearly as to be but 11 
feconds diftant: but then it is not the fame Eclipfe 
that returns, as in the fhorter period above-men- 
tioned. | 
327. We fhail fubjoin a. Catalogue of Eclipfes 
recorded in hiftory, from 721 years before Curist 
to 4. D. 1485; of computed Eclipfes from 1485. 
to 17003; and of all the Kclipfes vifible in Europe 
from 1700 to 1800, From the beginning of the 
Catalogue to 4 D, 1485 the Eclipfes are taken 
from Struyx’s Introduédtion to univerfal Geography, 
as 
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‘as that indefatigable author has, with much labour, An account 
collected them from Péolemy, Thucydides, Plutarch, ce ck 
Calvifius, Xenophon, Diodorus Siculus, Fuftin, Polybius, tlogne ot 

‘ “ye % F Eclipfes. 
Titus Livius, Cicero, Lucanus, Theophanes, Dion. 
Caffius, and many others. From 1485 to 1700 the 
Eclipies are taken from Ricciclus’s Almage?: and 
from 1700 to 1800 from L’ Art de verifier les Dates. 
 Thofe from Siruyk have all the places mentioned 
where they were obferved: Thofe from the Freach 
authors, viz. the religious Benedittines of the Con- 
grecation of St. Maur, are fitted to the Meridian of 
Paris: And concerning thofe from Ricciolus, that 
author gives the tollowing account. ; 

“* Recaufe it is of great ufe for fixing the Cycles 
or Revolut.ons of Eclipfes, to have at hand, with- 
out the trouble of calculation, a lift of fucceffive 
Eclipfes for many years, computed by authors of 
Ephemerides, although from Tables not perfe&t in 
all refpeéts, I fhall for the benefit of Aftronomers 
give afummary collection of fuch. The authors 
[extract from are, an anonymous one who publifhed 
_ Liphemerides from. 1484 to 1506 inclufive : , facobus 
_ Pilaumen and Fo. Steflerinus, to the Meridian of Ulm, 
from 1507 to 1534: Lucas Gauricus,. to the Lati- 
tude of 45 degrees, from 1534.10 1551: Peter 
Appian, to the Meridian of Leyfing, from,1538 to 
1573: fo. Siefierus, to the Meridian of Yubing, 
from 1543to 1554: Petrus Pitatus, to the Meri- 
Gian of Venice, trom 1544 to.1556:. Georgius-Foa- 
chimus Rheticus, tor the year 1551: Nicholaus Simus, 
~ fo the Meridian of Bologna, from 1552 to 1568: 
Micoae Mefilin, to the Wieridian of Tubing, from 
(4557 to 1590: Fo. Stadiys, to the Meridiaa of 

Antwerp, ton t554t01574: Fo. daiomnus Magi- 
nus, to the Meridian of Venice, from 1581 to 1630: 
David Origan, to the Meridian of Franckfort on the 
Oder, from 1595 to 1664: Andrew Argel, to the 
Meridian of Rome, from 1630 to 1700: Francifcus 
Montebrunus, to the Meridian of Bologna, from 146 
to 1660: Among which, Stadins, Meftlin, and Ma- 
kins, 
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ginus, ufed the Prutenic Tables ; Origan the Prute-- 


nic and Tychonic ; Montebrunus the Lanfbergian, as 


likewife thofe of Duret. Almoft all the reft the 
Alphonfine. 
“But, that the places may readily be known for 


which thefe Eclipies.were computed, and from what 
‘Tables, confult the following: Lift, in which the 
years inclufive.are alfo fet down. 


From. + 'To 
21485, 1406. The place and author unknown. 
©1507.1553 Ulm in Suabia, from the Alpbonfine. 


1554 1576 Antwerp, from the Prutenic. 


-1577 1585 Tubing, from the Pruienic. 

1586 1594 Venice, from the Prutenic. 
«1595-1600 Franckforton the Oder, from the Prutenic. 
. 1601/1640 Franckfortonthe Oder, from the Lychonic. 
. 1641. 1660. Bologna; from the Lanjbergian. ‘ 


1661. 1700 Rome, from the Zychonic.” 


So far Ricc1ouvs. 


N. B. The Eclipfes marked with an Afterifk are 


"not ‘in’ Riccioius’s Catalogue, but are fupplied 


from L’ Art de verifier les Dates. 


From the beginning of the Catalogue to’.2. D. 


‘7700, the time is reckoned from the noon of the 
day mentioned to the noon of the following day: 
“but from-1700 to 1800 the time is fet down ac- 
cording to our common way of reckoning.  Thofe 
- marked Pekin and Canton are E-clipfes from the Ch:- 


nefechronology according toSTRuYXx ; and through- 


out the Table this mark ¢ fignifies Sua, and 


this » Moon. 
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Kclipfes of the Sun Middle | Digits 
.|and Moon feen at H. M. Jeclipfed 
Babylon 1) 10 34]. Total 

Babylon a) 1° FOUAw ole ee 
Babylon >) 10) ABI hed 
Babylon ») 18° ged 36 
Babylon » 1D. soos 320) B- 
Babylon ») 12) EE ke 
Babylon ) IZ 32) 44 
Athens i 6 g51ry ae 
Athens ») 6 45] Total } 
Athens oH 20° 3a oF 

Athens » io 6415) ‘otal 
Athens ») 8. 50). Total 
Athens i 21 121 8 40} 
Pekin i 5 52118 408 
Gnide i: 22 LA 6 OF 
Athens » 19. nO. oti I 
Athens ») 8° sath oF 
Athens ») 10 6.21} Total 
Thebes ui 23°, $24.00) BO 
Syracufe tye | 22 rh 3) 33 
Zant y) 7°: Cents. al 
Zant is 18 —j|9Q. 
Arbela 1D 10 .9|. Total 
Sicily Ifland ie 20° wh tO) 22 
Myfia D 14. 5]. Total 
Pergamos_, ) rifing |, Total 
Sardinia ey: 1 £71 @) 0 
Frofini . $38 2. $2i.ec) 2G 
Cumis te 22, Se we 
Athens ) 7 14) 8) 58 
Athens | te 13),..9..° Total 
Athens _ y) 14, 48} Total 
Rome t |. | 
{Rome _ i | 18 —jil 0 
Rome i 20 38,10 48 
Athens |Dy LAS Badr Pl geod 
Macedonia 1D 8° .2}, Total 
Rhodes © Adi by 10, 8 hegt 264 
jRome “bia 22 hOReT “02 
Rome D 6, 221. Total 
» | Gibraltar iy fetting | Central} 
Canton mE: 3. 41} Total 
Rome 1 ;: 2° AO tO. oD 
Rome , » . 10 . o| Total 
| Rome a ; 14 >| Total | 
| Rome ty. May... Jeena Aeedny Orson 
| oan oseiadiniantnets seemeasmeatndmememeemumntanimmenn ieee st: meneame 
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“Te } Aug. 20 
Canton ht (an. 4 15 
‘Pekin {it{June 18} 
Canton Dae POet. 23 
‘Pekin {sa }April 7 
Pekin {| Nov. 1 
Canton ES: Feb. I 


| June 10 
Rome #5/Mar. 28 
Panonia 4D [Sept. 26 
Canton {July 22 
Canton Re)Nov. 13 
Pekin {it |Apr. 30 
Rome KejJuly 31 
Pekin £2) July 21 
Rome D Dec. . 31 
Pekin #s|May 20 
Canton t|Mar. 8 
Pekin <elJuly 12 
Cariton ‘Ga tDec. 2g 
Rome 2{Apr. 30 
Canton. Me }OR. 13 
Canton Ay ape ae 8 
Rome “FT DIO = 18 
Canton %31Sept. 22 
Rome “|)|Mar 4 
Ephefus ts |May 21 
Alexandria D> | April 
} Alexandria |) |May 6 
Alexandria “)};OR. 20 
Alexandria )|March ¢ 
Bologna #2lApril 12 
Rome te} April 1 
Carthage te) May 15 
Rome |} Dj} Aug. 31 
Conftantinople %)Dec. 36 
Toledo | eepjuly 17 
Conftantinople 1 O&. 8 
Ifpahan LipAng. 27 
Alexandria ~ D{Nov. 2¢ 
‘Rome Dijune 41 
Rome Bidec. 6 
2 | Rome Sh cee oF og 
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Siruyx’s Catalogue of ECLIPSE S. PO 
Middle } Digits | 


Aft, | Eclipfes of the Sun 
(hr.Jand.Moon feen at H. M. |/eclipfed 
402 | Rome ts 20 33|10: 30 
447 |Compottello He o 46,1 — 
451 |Compoftello ) 16 34/19 52 
451 |Compottello Dd 6.3047 of | 12 
458 | Chaves 1 23 16/18 53 
1462 |Compoftello ») 13 * gery rt 
1464 aves or 1g wikaG} “Ks 
1484 | Conftantinople Sze I9 53/10) (46 
}486 | Coniftantinople ot I 10] § 16 
1497 |Conftantinople ie G' | gihae head 
512 | Conftantinople tre 23. Balj igo 
538 England ei 19 —| 8 23 
540 |London es 20 Is} 8 — 
$77 | Tours » 17 eda iG) c4G. 
581 | Paris )) 13 ‘3gikr i m2 
582 | Paris » 12 41] Total 
1590 | Paris y) 6 30hug tak 
592 | Conftantinople es 22 ” 64:30) fie 
603 | Paris i 3. . Sire) 126 
622 | Conftantinople ) 11 23] Total 
644 Paris: te O 301 9 
680 | Paris. ) iz 30} Total 
| 683 Paris. . | ) 11 30)°Total 
g3 }Conftantinople ey 23°09 44IR | 194 
1716 | Conftantinople ) 7 —| Total 
{718 | Conftantinopie tie 1 15| Total 
733 |England) | te 20 ——j1l' 1 
| 734 England » 14. — | Total 
752 |England ) 13 —| Total 
‘753 | England Be 22 —=-|10 3 
753 | England » 13 —| Total 
{760 | England tee 4 —| 8 15 
760 | London » 50/10 40 
764 |England i atnoon}| 7 1 
770 |London ) 7 12+ Total 
774. |Rome Dd 14 37 }hE 58 
784 |London » 14 2} Total 
787 | Conttantinople a 20 431 9 47 
796 .|Conftantinople » 16 22| Total 
800 | Rome ) gi opro 17 
807 | Angoulefme se 21) 244/9) 42 
807 | Paris Dd 13. 43] Total 
807 | Paris ») 10 20} Total 
80g | Paris wu 21 AFz Bi De8 
809 | Paris | ae 8 —}. Total 
819 |Paris ) | June 8 -—)} Total 
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23 
824] Paris March 18 
828 | Paris June | 30 
828 | Paris Dec. 24 
831] Paris April 30 
$31 | Paris May 15 
831] Paris DO. 24 
832) Fulda | >] April 18 
840 | Paris hee |May 4 
841) Paris tt} Odt. 17 
842 | Paris. ) | March 29 
843 | Paris )|March 19 
861 | Paris ) | March 29 
_878}Paris PDPOR 14 
878 | Paris pRepOe. 29 
883} Arracta : Yi july 23 
889} Conftantinople “April 3 
891 | Conftantinople CelAug. 9 
gor} Arraca Df} Aug. «2 
:9o4} London D|May 31 
-go4} London D|Nov. 25 
'g12} London fe) | fan, 6 
925} Paris 1) [March 31° 
-934| Paris 1} April 16 
939] Paris Re} july = 28 
955} Paris »D | Sept. 
961} Rhemes pei May — 16 
g7o|Conftantinople 2 4%s|May 7 
976} London “ed jaly 13 
985 | Meffina y&e| July 20 
989|Conftantinople ..|%s)May 28 
990} Fulda ) {April 412 
-ggo| Fulda DO. 96 
990} Conftantinople fae, Oc, * 21 
995 | Augfburgh PD july 14 i 
1009 | Ferrara ) | O€t. 6 : 
1010] Meffina | 33 | March 18 A: 2 
10160} Nimeguen if DINov. 16 g| ‘1 otal} 
1017| Nimeguen. AGEIOR, 22 Bish cai 
19201 Cologne { D{Sept. 4 381 Total: 
any ee STRUYK’S 


| Paris 


Paris 
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Paris 
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Eclipfes of the sun 
.jand Moon feen at 


4 
London i |fan. 23 
Rome Dp }Reb. 29 
Paris *Pykeb. g 
Paris ) 1Dec. 8 
Milan Dijane' 4 
Paris 1% jApril 17 ; 


As 
e 
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| Auxerre 
‘Rome 

Auxerre 

| Cluny 
Nuremburg 
Rome 
Augfburgh ; 
Conftantinople 
London 
Conftantinople 
Naples 


Augfburgh pept. (22 
Gembluors i ORs Re 
Augfburgh Aug. 6 
Augfburgh Dec." 25 
Naples Nov. 30 
Rome pept, 17 
Erfurd July 17 
Naples Jan. 10 y 
Erfurd [ee] May 31 
London DijMay = 5 
Jerufalem t2)Mar. 18 
London ) }Aug. 17 
Trier {D.JJune 15 
Trier 1. D:} Dec. \10 
Naples’ )|Nov. 2 
Triers _ 1 iD. pept.), 2 
Prague © D | March 24 
Erfurd D | Feb, I 
London t2 | Auguit 10 
Erfard ) |March 3 
Prague Do Féus, 20 
1135 tration ).|Dec. , 22 
1142,Rome ediD, | ee. XI 
‘11143 |Rome ) | Feb. I 
1147 | Auranches F/O: 25 
1149 | Bary ) | March 2s 
1151 | Eimbec! » | Auguit 28 
1153 Augfburgh t#| Jan. 26 
4t154| Paris ) | June. 26 
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Middle Digits . 
Sages: H. M. eclipfed | 


1154 Paris 
1155|Auranches . 


<i Apaches 
Cologne 
Cologne 
.; Auranches 
Auranches 
Auranches 
Rhemes 
Cologne 
)| Franck fort 
871 Paris 
7} England 
| England 
91 | England 
France 
France 
London 
London 
1| London 
England 
Saltzburg 
Rhemes_ 
| Rhemes | 
Vienna 
Cologne 
| Acre 
| Acre 
3| Damietta 
Rome 
. ‘Colmar 
| Naples 
Naples 
. London 


partite vo ctevu@uvurtivvGu@etu@udt@uivvveuyeteuyeer| 
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Middle | 1 


Aft. |E lipfes of the Sun 
Chr. Land Moon feen at 
f se a Ml - 


M, & D. 


124, | Rhemes “el July 24)17 47 
41248 London >) | June 71 8 49 
| 1255 | London pi july zo} 9 47 
{12-5}. onftantinople weiDec. go} 2692 
1258| Augfburgh D)|May 18} 11° 417 
i201} Vienna Ve) March 31} 22° 40 
1262}: jenna D4 March 7{ 5 so 
}1262| Vienna ) f Auguft 30/14 39 
11262} "lenna DY Keb, 24] Greve 
f126; | Auctburgh ae PAuguft 5} 3.2 
1126;| Vienna ) | Augutt 20] 7 35 
1265) Vienna Bpq Dec. 23 | 1625 
11267|Conftantinople © |s#] lay 24)23 11 
1270] Vienna | March 22|18 47 
12721 Vienna | DpAugutio] 7° 27 
1274] Vienna Dj Jan. ©23}10 39 
11275 Lauben DipDec. » 4 p-6+-20 
1276) Vienna J DPNov. 22415 
1277} Vienna 1. D}May -18 

1279| Franckfort 184] April 12 

1230] London 4 D| March 17 

1224} Reggio {DJ ec. 23: 

1290| Wittemburg #1 Sept. 44 

1291} London D} Feb. 14 
1302}Conftantinople | D| Jan. 414 

1307] Ferrara Peep April — 2: 

1309| London | D| Feb. 24: 

1309| Lucca }D | Auguft 21 

1310| Wittemburg Yel Jan. 31 

1310] Torcello )| Feb, 14 

1310] Torcello | ) | Auguft ro 

11312) Wittemburg q%e| Joly 4 

1312] Plaifance )} Dec. 14 

11313} Torcello bile, . 3 

1316] Modena PGR? 1 

1321| Wittemburg ta} June 25 

1323] Florence > ;May 20 

1324| Florence 1 D)jMay 9g 

1324] Wittemburg April 23 

1327 Conttantinople D | Auguft 31 

1328 | Conftantinople DiFeb. 25 

1330| Florence ‘)jjune 30 

1330 | Conftantinople | july 16 

1330| Prague D){Dec. 25 

1321 | Prague Re~Nov. 2 

1331 | Prague D\Dec. 14 
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SPS Ss 
“hs 
a ge 


| 1462" 


1405, 


1469|Rome 
1485 | Norimburg 
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Chr. 


41333) Wittemburg 


1334 | Gefena 
1341 Conftantinople 


11341|Conftantinople | 
41342. Conftantinople 


1344| Alexandria 
1349 | Wittemburg 
1354| Wittemburg 


1.1356] Florence 


1361 | Conftantinople 


11357) Sienna ~ 

| 1389. Bugibio 

1396 Augfburg 
1396) Augiburg 


1399 | Forli 
1406; Conitantinople 
1406 | Conitantinople 


~ 11408)Forli - 
1409 Confiantinople 


1410] Vienna? 

1415 | Wittembure 
1419} Franckfore 
1421] orl 

1422 | Forli 

1424 | Wittemburg 
1431} Forh . 
14.33 | Wittemburg » 
1438 | Wittemburg 


114424 Rome. > 


1448} Tubing 
L450 Conitantinople 
1457 | Vienna - 
149¢ | Auftria 
1460 Auftria 
1490 | Vienna 
14511 Vienna. 
1461 |Rome 
Viterbo 
1462] Viterba 
1464] Padua | 
Rome 


1465}Rome . 


{Eclipfes. of the Sun 
jand. Moon. feen at 


a 


bneeiee Sore 


~~verenia| 


.M. & D 
May 14 
April 19 
Noy. 23 
Dec. . 8 
May 20 
O&. . 6 
June 30 
Sept. 16 
Heb, .:26 
May 4 
Jan. 16 
Mov. 13 
Jan. 11 
June 21 
Gé&, 29 
Piene.) wy 
June 15 
G&. «18 
April 15 
March 20 
June 6 
March 25 
Feb.':, 17 
Heb; a 
June 426 
Heb: - a2 
june 17 
Sept. 18 
Dec. 19 
Auguft 28 
july 24 
Sept. 04 
Jaly 3 
july 47 
ee.: 27 
June 22 
(eta 
June ur 
Nov: 21 
April 21 
Sept. .20 
O&% 4 
Jan. «2 
Viarch 1 
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All the following ECLIPSES are taken from RicctoLus, except 
thofe marked with an Afteritk, bel a at are from L’ Art de verifier 


des Dates. 


Ger hee chcticticuivurGtichG chcuGubumume 


M.&D Middle 


‘1H. M. 


») 

) | Aug.14] 8 18 

D}Feb, 7lig — 

tj July 20/ 3 12. 
| D| Aug. 3/10 —! 

GlJan,izjig — 

Sé\|jJan. 2] 4 — 


Digits 
eclipfed 
Total 
@,°‘o 
Total 
: TS 
* 
Bon 
Total 
Total 
Total 
9 
* 
* 
* 
. Total 
8 re) 
4 0 
Total 
Total 
* 
¥ 
* 
Total 
ae: 
x 
ES 
* 
Night 
Noon 
10. 6 
Total 
10% 6 
2G 
* 
¥. 
Total 
% 
Total 
NS 
* 
” & 
 *® 


Aft. 
Chr. 


1508 
1508 
1509} 
15¢9Q 
1510 
1Sit 
1512 
15!3 
1513 
1515 
1516 
1516 
L5t6 
1517 
1517 

1518 
1518 
1519 
1519 
1519 
1520 
1520 
1520 
1520 
1521 
1521 
1522 


1523 


1523 
1524 
1524 
1525 
1525 
1525 
aa 
1527 
1527 
1528 
1529 


1530, 


1530 
1931 
1532 


| Middle 
sient ss M, 
%|May 29] 6 — 
)}Juner2]17 40 
») Ma Zit: aa 
3 22 — 
y IQrr 
») LL. £0 
») 2. nap 
ti Oo 30 
Le i— 
») I5 48 
») 6 0 
») Il 37 
Be 3 47 
te 16 — 
») goo 
d tI I9 
a 17 56 
6 Cc 
/o 4 33 
) 6. 24 
y 7 
ait ae 
d i9 — 
) 17 
ra) A Ig — 
TLS 3— 
DIS 12 17 
») 8 26 
y) Ig 24 
ie i— 
) 16 — 
03 4 — 
») 10 10 
d 10 46 
») 10; 36 
th 3 = 
») 10 — 
a 20 — 
») 20 ae 
ty lo 2% 
» eae 
) hes "8 
we O49 


eb 5) a (meena as ny SS — 
ol 


Digits 
eclipfed 


* Pi 
Total 
v7 re) 
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Middle | Digits | } Aft, Middle | Digits 
‘) HA. -M. eclinfed Gheot.. {tee +] ate Nal Pe ea a 
May 9}18 20] 3 36)}1601| p)|Juners| 6 18} 4 52 
{Nov.17|14 15] Total | |1601 | 3%} Junezg| China | 4 29 
¢jApr.2g| 7 53})11 7||1601| )|Dec. g],7. 6{10 «538 
May 13}.5- 9} 6 54|}1601 
Sept.27} 8 —| * 1602 
O&. 12] Noon | * 1602 
Sept.16] 9 28}10 , 2/}1602 
ee | Feb. 26] 1 23] 1 3) ]|1602 
Mar.12| 14 14} Total || 1602 
Sept. 4417 30} Total || 1603 
Aug.10}18 —j] * 1603 
Aug.25} 8 11 3 54/||1603 
Feb, 4] 5 — 1603 
July 16}17 4) 3 54/ | 1604 
July 30} 19 §7}10 271} 1604 
Jan. 9} 6 21] 9 40] 1605 
July 6} 5 8] Total || i605 
stijuly20|] 4 2] 1 Oj}r6e0s 
Dec.29|16 11} Total || 1605 
Junez4}10° 313] 8 58! }1606 Mar. 8} Mexico 
Dec.18| 7 241 5 54111606 Mar.24} 11.17} Total 
ee | May 30] 2. 304 2. 38) [1606] 3%] Sept. 2 Magel.| 6 40 
Mayig}14 58|10 23||1606)3:|Sept. 2) Magel.| 6 40 
O&. 28} 19 15} 9 40} |1606] > | Sept.16 15. 6} Total 
April 9 |'Ter. de} Fuego | |1607 | #%| Feb. 25121 48] 1 13 
Apr.24| 4 12] Total | |1607| )|Mar.13} 6 36] 1 22 
{May 7|/22 —] * 1607} #¢)Sept. ¢|15. 40] 4. 7 
O& 3) 2 4) 5 38) |1608) x) Feb. 15] at the | Antipo 
O&.18}20 47] Total | |1608 July 27 }.-0...30} 1.53 
Mar,28 In } Chili 1608 | Aug. 9} 4.39] 0 40 
Apr.tz} 8 52| 6 4) |16c9 Jan.ig{i5 2t}10 32 
Se | ept.21 In } China | }1609 Feb, 4] Fuego | 5 22 
O& 6f21. 15] 3 33) | 1609 July 16412 8] Total 
Mar.17|St. Pet.} Ifle 1609 July 30} Canada] 4 10 
sé \Sept.11| Picora| g 49] | 1609 Dec.26}19 —| 5 50 
Feb.20}18 12}10 55] 1610 Jan. gf] 1 31] Total 
Mar. 6|22 1i2}11 57] | 1610 junezo}{ Java. }10 46 
Aug.16| 8 15] Total | |1610 July 5}16 s8}11 13 
Aug.31|]Magel.} 8 34) |1610 Dec.15} Cyprus} 4 
Feb. 1017. 21{ Total |} 1610 Dec.29,16 47] 4 
July 22} 4 31] 4 18] }x601 Junero} Califor. | 14 
Total || 1612 May14}i0 38] 9 22 

7 
9 


¢| Dec. 24) 246) 9 529 
¢| May 21|Greenl.} 2 41 
June 4|.7.. 18| Total 
Juneig|N.Gra.} 5 43 
Nov.13 | Magel.] 3. — 
Nov.28{10 2] Total 
May 10] China j11 21 
May 24)11. 41] 7 «sof 
Nov.-3}Rom.1.{11 17 
Nov.18].7..31} 3 26 
Apr.20| Arabia | g 
Oct244. Pera tis 6 
April 3} 9 19|1t | 
Apr.18|Madag.| 5 31 
Sept.27] 4. 27/9 
Othe 12 bo 2 gate 9 

6 


vitiote tities tutcHm ues 


Fi jan. 15] Java Jtr 48} | 1612 May 29} 23. 38 

Jan. 30] @ 4gof 2 58} {1612 Nov. 81.3... 22]° 
| July1o} 2 10f-5 39]] 1612 Nov.22|Magel.}| 9 0 
{Jan 4fthiop.f 9 sc}} 16137 Apr.20} Magel!lanica 


RiccioLwus’s 


1624 


) |Sept.z6} 8 55 
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. Digits 


Be TM! eciipfed } 
D|May 4} 0 35]. Total | 
i; | May 19 Eatt| Tartary 
€3)O08.13 7 South} Amer. 
b{OR 238} 4 19] Votal 
ssp April 8] N.Gui.} 8 44 
DyApr.23f17 367 5 25 
EY OR. a Po ee pan FOO 
PORTE 4 a8 reg ° 96 
ue Mar.z9g} Goa |io 38 
i. pSept.22f Salom | Hle | 

(DP Mar. 3f 1° 58} Total 
| Mar.17] Mexico} 6 47 
Db PAug.26}15 33] Total 
) fSept.to Magel 10 33 
sap Feb. 5} > Magel}ianica 
+ D}Febszo} 4 4gt fetal 
t2tMar. 6f2z2 — 
se pAug. t{Biarmial * 
r DE Aue. 16] 8° 22} Total 
4p Jam. 267 Magel}lanica 
DEFebs of 3° 2gft 2-57 
3b July 21 Mexico : 
‘ef Jan. 15 f Califor} nia 
+ DEJunezopr2° 4of- 3° to 
eet fuly rif Afpica tir 39 
MP Deci2obig? 7 ho a7 
ep May 31f Arétic | Circle 
FD -Jonet4[ 13° 47): Total 
ap junezgtMagel. |. 7 20 
DE Dees gf 6 39] Total 
‘£88 | Dec. 23 |. Magel Hanica 
eat Mayzolig 54110. 44] 
DY} June 3) tg. 42} 9. 53} 
Hs | Nov.13 1 Magel | lanica 
DP Novi28} 157° 43153" 38 
ie} May r0[ C.Verdfir gz] 
<4 | Nov, 2] Malac|ca In. 
SD PAprer4) 7°19 
#5 Apr. 2 i 
iP EOGS hap oF ee8 
#2 1 Ot. 23 | Caltfor. | 
Ee: May 18 N. Zem, 
Dy) April 3] 7 9 
| Apr.17| Antar, # Circle 
Paz | Sept.s12} Magel} lanica 


Total || 


2 |Mar. 81Florida} 
>. (Maries [r4 O11) oo fay 
te {Sept. 1} St. Pe|ter’s Ifl.| 
> freptrG Pri qup es ¢ OT 
se] Feb, 26 Madag. | 8 27 
) | Aug. 7] 7 “48hi0° 254) 
xe] Aug.zi| In | Mexico] 
D | Jan. 30711. 38f10° 41} 
v7 (Feb. 15 — Magel | lanica } 
Dd fjuly 27} 9 ~ 4] TFotal 
te] Sug.i1 | Tenduc }10\ Of} 
sf ian. 6] Tendue | 5 40}! 
Dffan, zofro rif Total }! 
ep fuly 1]CGood|Hope |} 
Dfiuly 1611. 26] Total 
% | Dec. 25] In Eng|land* |. 
D-fjant gf 1°96)" 4 298 
i} Junet1;Ganges|11 25} 
£4] Dec.14{ Pera |: 
1D | May 25 
% | June 10 
) |} Nev.19 
#31Dec. 3 
t2 | Apr. 30 
“D1 May ¢5 
te OAL 24 
~DTNov. 8 
{esp Apr, 19 
D | May"4 
| OG.14 


ee tere 


| Middle 


M-&D. rTM. Jechipled 
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Riccrotus’s Catalogue of ECLIPSES: 
|Middle| Digits | 

aa H. M.|eclipfed 


Jan. 25} — Cam|boya 
July 21 |Jucutan} ‘ 


ee We 


Decszrt or4a}io 45. 

Jan. 14} Perfia | g 45 

June2z5}20. 17} Total 

Julyai}§Mag-} 9 5 
vec. 5} 2ellan.} 2 10 Nov. 7 
Dec.2z0}i5 16] Total Apr.1g 
Jan. 4)Tartary} 0 30 Oct. 14 
June 1f:5 'Sg]10 40 Mar.z4 
Juneis) 2 4aifit go April 7 
Nov.24|Magel.Jir 0 Sept.17 
Dec. 9|tr 57] 3 46 Ot. % 
May 20|N.Spa.j1o 30 Keb,'27 
SOV-13) Peru fio 36 Mar.73 
Apr.z5].1 21 9 49 Aug.2z 
May g| Peru |1o 16) Sept. 6 
J&w18} 8 o1gf 6 31 Feb. 16 
Nov: 2/18 46 Mar, 2 
Mar.3c }Eftotl | 4 o Aug.ry 
Apr.t4)}14) 31] Total Aug.2 


Sept. 25 Magel |lani 
Oct. 7116 45 
p)Maret9} 13.53 
April 3/21/10 
sjSept1z/17 
Sept.271 7 38 
Mar. 8} 6 20 
Aug.31/18. 10 
Bebsiol 7 as 
| Feb. 26}/RomvI. 
Aug. 7} 2°. 414 Total 
PpOug.2tpsoi 4c} 4 ac 
Jan. 16} Str, of | Anian 
Jan..30]/18 11{ Total 
july 12}. 60 671: 
Jaly27} 6) 2 
Janen-5 020" 10] — 
Ren ORAS DODNMADS TY 4h fF 
july 92) oo g| ———— 
Decs25 {131038 
June 5} G5 4 ' 28 
jJune2z0,83° 28} ——__ 
Nov.2ghige 171.7 40. 
| Dec. 13} 210 48 7 
on Dj Mayas 20 
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Middle Digits } 
"1H. M. jechipfed} 
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Beet vo ube MeO Oe AMAR ume eh Ree Gat 


SR eae SS Oe Be Sa eee 


Riccio.us’s 


Of Eclipfes. 
Riccio1us’s Catalogue of ECLIPSES, 


1 | Middle) Digits 
MED) etn | tii stad 
D{ Jan. 21417 25] Total | 
July 17} Noon | 
D |Jan. 11] Noon 
@e|Junez2! 4 22] 6 22 
D {july 6)13 si} 0 47 
w|Mayri| 6 . 3 
D |May 28] Noon 
) |Nov.zo} 8 of} 6 55 
te |}Dec: 5/17 7 
D|May 16/12 45! Total 
| May 30}1z 56 
D JNov 8{17 30] Total 


ae een | ee | geen 


| 1700] )| Mar. 4120 
1700} Dj Aug.29] 1 


to 


22 


The Eclipfes from Struyx: were obferved ; thofe frp Riccio- 


Lus calculated : 
only thofe which are vifible in 
which’ are total are m 


A Afternoon. 


the followin 


: g from L’ Art de verifier les Dates, are 


Europe for the prefent century: thofe 
arked with a JZ; and AZ fignifies Morning, 


Vifible ECLIPSES from 1700 to 1800. 


Aft. 
Chr. 


eres Se eaenitiemenseseeetl Gi 
—< weroreommmmmnet fe, 


170! 
1703 
1703 
1703 
B7O4 
1706 
1706 
1706 
1707 
1708 
1708 
1708 
1709 
1710 
1710 
1717 
1711 
oe #3 
1713 


1713 


« 
ee - 


) 'Dec.. 2 


Months 
, and 


Days. 


dD | Feb. 22 
Dijan. 3 
) | June 29 
Dec. 2: 
Dec.11 
Apr: 28 
May 12 
Ok. 21 
) | Apr..t7 
){Apr. 5 
| Dec. 14 
) |Sept.29 
te |Mar.11 
> | Feb, 13 
+ /Feb. 28 
| July 15 
D }July 29 


weer yy 


et 


) | Jan. 23) 


DiJune 8 


‘Time of 
the Day 
or Night. 
it A. 
7M. 
1M. 7. 
7M. @. 
7M. 
2M. 
to M. 
t dN 
2M. ¢. 
6 M. 
8 M. 
g A. 
@ ids 
ki A. 
1 A, 
8 Ay 
6 ALT. 
8 A. 
6 A, 
4M. 


Aft. 
Chr. 


1715 
1716 
T.27 
1717 
1718 
1719 


1722 
1722 
1722 
1724 
1724 
1925 
1726 
14720 
1727 
1729 
}1729 
1730 
1721 


1724] 


Months 
and 

Days. 

May 3 


Nov.11 


Sept. 15 
Feb. 13 
Aug. 9 
Heb. .4 
June 2c 


Time of 
the Day 


Ce ee en . 


xs 


See eee 
7 


a save 


o! 


2 


NS mONM ANF NIBWWOW © HAYWN 


SEEPEES DED 


Vifible 


Vifble ECLIPSES from 1700 to 1800. 
Months} Time of Months] 11ime of | 
nis and } the Day ane |} ©} and | the Day | 
: Days. }or Night. | *|.. | Days. | or Night. 
1732| ) |Dec, 1{10 A. 7. |} 1754 [ee | Apr. 1f10 M. 
“11733 | He | May 13} 7A. 1764] )|Apr.16] 1 M. 
1733} ) |May 28] 7 A. 1765 |#%|Mar.z1} 2 A. ~ 
1735| D}OG. 2} 1 M. 1765 |i] Aug.16] 5 A. 
1736| ) |Mar.25|1z A. TZ. |{1766]| D | Feb. 24] 7 A. 
1736| ) |Sept.zo] 3 M. 7.111766 {| Aug. 5] 7 As 
1736 |z*}Od. 4} 6 A. 17681) [Jan 41 5.2 
1737 | | Mar. 1}. 4 A. 1768| D) | junezof 4 M. J.) 
1737-1 ) |Sept. gj 4 M. 1768| ) |Dec.23] 4 A. Z. 
1733 | %|Aug.i5}11 M. 1769 {%¢|{June 4} 8 M. - 
1739 | ) | jan. 24}11 A. 1769] ) | Dec.13} 7 M. 
1739 | t%| Aug. 4] 5 A. 177018 |Nov.r7f10 M. 
173914) Dec.30} 9 M. 1771} D|Apr.28} 2 M. 
1740| D| Jan. 13{1r A. TZ. | [1771] D OR. 23) 5 A. | 
r74t} Dijan. 1 fiz A. {}1772] D ;OR. 11) 6 A. TJ. 
1743| D|Nov. 2} 3 M.Z.||1772 te |Od.26]10 M.. gt 
1744} ) |Aug.26} 9 A. 1773 {%| Mar.23] 5 M._ f. 
1746] D | Aug.30]12 A. 1773 | D |Sept.30] 7 A. 
1747| D| Feb. 14] 5 M.Z.||1774}%#|Mar.1z2]10 M, 
174813] July 2518 M. 17760] D }July 31] 1 M.Z. 4 
1748] D | Aug. 8j12 A. 1776] 8} Aug.14] 5 M. —} 
17491 ) | Dec.23] 8 A. 1777 | %&| Jan. go] 5 A.) 
1750] dé}Jan. 8] 9 M. 1778} %:#|Junez4] 4 A. ~ 
1750] D {Junerg| 9 A.T. |{1778] D | Dec. 4] 6 M. - 
1750] D | Dec. 13] 7M. 1779| ) |May 30] 5 M. g. 
1751} DJ June. o| 2 M. 1779|%é'Junerg] 8 M. * 
1751} D| Dec. 2}10 A. }11779} D | Nov.23) 8 A. 
1752) %| May 13] 8 A. 1780) #108. 27] 6 A. 
1753) D|Apr.i7}.7 A. 1780] ) |Nov.tz} 4 M. 
1753) &#) O&. 26)10 M. 1781 | 2] Apr.23} 6 A. 
1755.) D |Mar.28} 1 M, 1781 | %#)O8.17] 8 M. 
1757.).) |Feb. 4] 6 M. 1782] D}Apr.1z] 7 A. 
1757| D |July 30, 12 A. 1783] D|Mar.i8| g A. TZ. 4 
i758). Dj jan. 241 7 M.7.]}1783| D |Sept.rojir A. Ti 
1758 }%*| Dec. 30] 7 M. 1784] D|Mar.7}°3 M. =f 
1759} %s|Junezq} 7 A. 1785 |35@ Feb. go} 1 A. 
1759 ;he| Dec. tg| 2 A. 1787) Dijan. gfiz A. TZ, 
1760 | D|May 29] 9 A. 1787 | 3¢| Jan. 1g}10 M. 
176c |S) Juner3). 7 M. 1787|#elJuners} 5 A.: 
1760} D|Nov.22} 9 A. 1787| D|Dec.24} 3° A. 
761 |.) {May r8}r1 A. TZ. }11788 10%) June’ 4] 9 M. 
i) 4 Me (}{1789} D | Nov. 2}12 A.’ 
ue 8 M. 1790| D|Apr.28|12 A.T. 
») 8 A. 1790| D|O& 23) 1 M. Ze} 
os 8 M. fc| Apr. 3} 1 A.’ 


Vifible 
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Vifible ECLIPSES from 1700. to 1800. 


\f ‘Months| ‘Time of |] 4. Months] Time of 
Che tn and | the Day F. and | the Day 
: Days | or Night. ri Days. | or Night. 
1791} ) }O&. 12] 3 M 1795| ) |Feb. 4} 1 M. * 
1792 | |Sept.16) 11 M. 1795 | | July 16] g M 
1793| D | Feb.2¢}10 A 1795| ) jjuly 31] 8 A 
1793 |d¢Sept. 5] 3 A 1797|%e|June25; 8 A 
i794)%#} lan. 31] 4 A 1797} D | Dec. 4] 6 M. 
1794| D | Feb. igh 11 A.TZ. |] 1798] D |May27j 7 AT. 
1794 | }Aug.25{ 5 A 1800) D)|O&. 2ti11 A 


398. dA Lift of Eclipfes, and hifiorical Events, 
which happened about the fame Times, front 
RiccloLus. 


Before CurisT. . 
75a\Fuly — 5) But according to an old Calen- 
| ) dar, this Eclipfe of the Sun was on 
the 21ft of April, on which day the 
Foundations of Rome were laid; if 
we may believe Taruntiys Firmanus. 
-721|March 19} A total Eclipfe of the Moon. 
The Affjrian Empire atan end; the 
-| Babylonian eftablifhed. 
585|May 28} An Eclipfe of the Sun foretold st 
3 | by THALLS, by which a peace was © 
brought about between the Medes 
and Lydians. | 
23|fuly 16] An Eclipfe of the Moon, which — 
was followed by the death of Cam- — 
| BYSES. : 
502|Nov. 19} An Eclipfe of the Moon, villich | 
| was followed by the laughter of 
the Sabines, and death of Valerius — 
Pubticola. | 
463|4pril 30) An Eclipfe of the Sun. The 
. Perfian war, and the falling off of 
the Perfians from the Egyptians. 
S Sah Bar 3 
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Before CurisT. 
431{4pril 2¢{ An Eclipfe of the Moon, which 
| was followed by a great famine at 
Rome; and the beginning of the 
Peloponnefian war. 
431|Auguft 3) A total Eclipfe of the Sun, A 
Comet and Plague at Athens *. 
41.3|Auguft 27} A total Eclipfe of the Moon. 
| Nicias with his fhip deftroyed at 
Syracufe. 


Perfians beat by Conon in a fea en- 
3 gagement. 
168) fune 21) A total Eclipfe of the Moon. 
| The next day Perfeus King of Ma- 
cedonia was conquered by Paulus 
Emilius. 
After Crist. * ) Ee ik 
59|4pril 30| An Eclipfe of theSun. This is 
reckoned among the prodigies, on 
account of the murder of /grip- 
pinus by Nero. 
237\|4pril x2| A total Eclipfe of the Sun. A 
fign that the reign of the Gordiani 
would not continue long. A fixth 
perfecution of the Chriftians, 


/ 


306|fuly. 27| An Eclipfe of the Sun. The - 


Stars were feen, and the Emperor 
Conftantius died. 


‘840|May 4) <A dreadful Eclipfe of the Sun. — 
And Lewis the Pious died within» 


. fix months after it. 
1009] . 


| : Ferufalem taken by the Saracens. 

1133\4ugui 2) <A terrible Eclipfe of the Sun. 
The Stars were feen. A fchifm in 
jthe church, occafioned by there 
being three "Popes at once. 


* This Eclipfe happened in the firft year of the Pelopon- 
ncfian War. 


329. I 


‘An Eclipfe of the Sun. And ~ 


394|duguft 14) An Echipfe of the Sun. The ° 


{ 


Of Eclipfes: 


gb, I have not cited one half of RiccioLus’s 
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The fuper= 


itious now 


lift of portentous Eclipfes; and for the fame rea-tions of the 


fon that he declines giving any more of them than antients 
with regard 


what that lift contains; namely, that it is mot to Eclipfes, 


difagreeable to dwell any longer on fuch noniente, 
and as much as poffible to avoid tiring the reader : 
the fuperftition of the antients may be feen by the 
few here copied. My author farther fays, that 
there were treatifés written to fhew againft what 
regions the malevolent effects of any particular 


_Eclipfe was aimed: and the writers affirmed, that 


the effeéts of an Eclipfe of the Sun continued as 


“many years as the Eclipfe lafted hours; and that 


. * 
¥ 4 
: 


he 


: 


‘of the Moon-as many months, 


230. Yet fuch idlenotions were once of no fmall Very fortu- 


nate once 


advantage to CurisTopHEeR CoLumsus ; who, 1D for exrt- 
the year 1493, was driven on the ifland of Jamaica, sr0?eE® 


where he was in the ereateft diftrefs for want of sus, 
provifions, and was moreover refufed any affittance 


from the inhabitants; on which he threatened 
them with a plague, and told them, that in token 
of it, there fhould be an Eclipfe: which accord- 
ingly fell on the day he had foretold, and fo terri- 
fied the Barbarians, that they ftrove who’ fhould 
be firft in bringing him all forts of provilions ; 


‘throwing them at his feet, and imploring his for- 
givenefs. Riccio.us’s Almageft, Vol. 1.1. v.c. it. 
331. Eclipfes of the Sun are more frequent than Why there 


are more yi- 


of the Moon, becaufe the Sun’s ecliptic limits are gy). paipres 


OLUMe 


reater than the Moon’s, § 317: yet we have more of the Moon 
than of the 


vifible Eclipfes of the Moon than of the Sun, be-«¢... 


caufe Eclipfes of the Moon are feen from ail parts 
of that Hemifphere of the Earth which 4s next 


her, and are equally great to each of thofe parts ;_ 


but the Sun’s Eclipfes are vifible only to that {mall 


portion of the Hemifphere next him whereon the 


Moon’s fhadow falls; as fhall be explained by and 
by at large. . . 
332. The Moon’s Orbit being elliptical, and 
the Earth in one of it’s focufes, fhe is once at her 
| 2 | leaft 
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eral leaft diftance from the Earth, and once at-her 
Fig.1,  greateft, in every Lunation, When the Moon 
changes at her leaft diftance from the Earth, and 
fo near the Node that her dark fhadow falls upon 
Total ang the Earth, fhe appears big enough to cover the 
annuiar . whole * Dile of the Sun from that part on: whic 
clipfes o 
the Sua, her fhadow falls; and the Sun appears totaliy 
eclipfed there, as at 4, for fome minures: but 
when the Moon changes at her greatett diftance 
from the Earth, and fo near the Node that her dark 
fhadow is directed towards the Earth, her diame- 
ter fubtends a lefs angle than the Sun’s; and there- 
fore the cannot hide his whole Difc from any pare 
of the Earth, nor does her fhadow reach it at that 
time; and to the place over which the point of 
her fhadow hangs, the Eclipfe is annular, as at B; 
the Sun’s edge appearing like a luminous ring all 
around the body of the Moon. When the Change _ 
happens within 17 degrees of the Node, and the 
Moon at her mean diftance froin the Earth, the _ 
point of her fhadow juft touches the Barth, and © 
fhe eclip'eth the Sun totally to that-fmall {por 
whereon her fhadow falls, but the darknefs is not 
of a moment’s continuance. | 
Thelongett. 333. Lhe Moon’s apparent diameter when larpelt 
wulnee. exceeds the Sun’s when leaft, only 1 minute 33,4 
fs of the feconds of a degree: and in the greateft Eclipie a 
Eh 3 of the Sun that can happen at any time and place, — 
the total darknefs continues no loncer ‘than whilft 
the Moon is going 1 minute 38 feconds fiom the : 
Sun in her Orbit; which is about 3 minutes and 
13 feconds of an hour. q 
Te Rew 22193 nee Moon’s dark fiadow covers onliea : 
ree fpot on the Earth’s furface, about 180 Exgli/h miles — 


Sun my te ‘broad, whenythe Moon’s* dianteter appears largeft § 


totally 


sirstaltet : 4 pou 
eclipfed at * Although the Sun and Moon are fpherical bodies, as feen 
Oe, from «the Earth they appear to be circular pianes; and fo — 


would the Earth do, if it were feen from the Moon.. The ap- | 
parently flat furfaces of the sun and Moon are called their aie 4 
by Aftronomers. +a 
2 | A q 
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and the San’s leaft; and the total darknefs can ex. PLATE 


tend no farther than the dark thadow covers, Yer 


the Moon’s partial Shadow or Penumbra may then 
cover a circular ipace 4900 miles diameter, within 
all which the Sun is more or lefs eclipfed, as the 
places are lefs or more diftant from the Center of 
the Penumbra. When the Moon changes exactly 
in the Node, the Penumbra is circular on the 
Barth at’the middle of the general Eclipfe; be- 


_caute at that time it falls perpendicularly on the 


Earth’s furface: but at every other moment it 
falls obliquely, and will therefore be elliptical; 


and the more fo, as the time is longer before or 


_atter the middle of the general Eclipfe; and then, 


much greater portions of the Earth’s furface are 


involved in the Penumbra. 


AL, 


335. When the Penumbra frft touches the Durationcf 
Farth, the general Eclipfe begins: when ic leaves 8enetal and 


particular 


the Earth, the general Eclipfe ends: from the be- Eeliptes, 


ginning to the end the Sun appears eclipfed in fome 
part of the Earth or other. When the Penumbra 
touches any place, the Eclipfe begins at that place, 
and ends when the Penumbra leaves it. When the 
Moon changes in the Node, the Penumbra goes over 


' the center of the Earth’s Difc as feen from the Moon; 


1 


and confequently, by defcribing the longeft line 


_ poffible on the Earth, continues the longeft upon 


‘it; namely, at a mean rate, 5 hours 50 minutes: 


more, if the Moon be at her greateft diftance from 


the Earth, becaufe fhe then moves floweit; lefs, 


q 


if fhe be at her leaft diftance, becaufe of her quicker 
motion. } 
336. To make the laft five articles and feveral 


other Phenomena plainer, letwS be the Sun, E the Fig. IL 


Earth, M/ the Moon, and 4MP the’Moon’s Orbit. 
Draw the right line Wc 12 from the weftern fide 
of the Sun at Y, touching the weftern fide of the 
Moon at c, and the Earth at 12: draw alfo the 
right line Yd 12 from the eaftern fide of the Sun 
at /, touching the eaftern fide of the Moon at d, 

| i S 3 and 
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the Earth at.r2: the dark fpacece 12 d included 
between thofe lines is the Moon’s fhadow, ending 
TheMoon’s i a point at 12 25 where it touches the harna be- 
ne tha Gaufe in this cafe the Moon is fuppofed to change 
pe: at Min the middle between 4 the Apogee, or far- 
theft point of her Orbit from the Earth, and P the — 
Périgree, or neareft point to it. For, hark the point 
P Been at M4, the Moon had been nearer the Earth ; 
: and her dark fhadow at e would have covered a 
fpace.upon it about 180 miles broad, and the Sun 
would have been totally darkened, as at 4 (Fig. 1.) 
with fome continuance: but had the point .4 
(Fig. II.) been at /, the Moon would have been 
farther from the Earth, and her fhadow would have 
ended in a point about e, and therefore the Sun 
and Penum- would have appeared, as at B (Fig. I.) like a lu- 
ra, minous ring allaround the Moon. Draw the right 
lines WY Xdh. and VY Xeg, touching the contrary 
fides of the Sun and Moon, and ending on the 
Earth at ¢ and J: draw alfo the right line SX A 
12, from the center of the Sun’s Difc, through the 
Moon’s center,, to the Earth at 12; and fuppote 
the two former Aine W Xdb and V Xcg to revolve 
on the line SX M12 a8 an Axis, and their points 
a and & will defcribe the limits of the Penumbra 
[Ton the Earth’s furface, including the large 
fpace 405124; within which, the Sun apprars 
more of leis eclipfed, as the places are more or le{s 
diftant from the verge of the Penumbra a od. 
Digits, Draw the right line y 12 acrofs the Sun’s Difc, per- 
whats - pendicular. to “SX M the Axis of the Penumbra ; ea 
then, divide the line y 12 into twelve equal parts, 
as in the Figure, for the twelve * Digits of the 
Sun’s diameter : and, at equal di ftances from the 
center of the Renumbra at 12 (on the Earth’s fur- 
face YY) to it’s edge ao 4, draw twelve concen-- 
tric Circles, as marked with the numeral Figures , 
12 3 4, &c. and remember that the Moon’s mo- 
* A Digit i is a twelfih part oh the diameter of the Sun and : 
Moon, ~ . 2 
“ton” 
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¢ion in her Orbit 4 MP is from weft to eaft, as PLATE 


from stof. Then, | XL 
The differ. 
To an obferver on the Earth at 2, the eaftern ent Phafes 


ofa folar 


limb of the Moon at d feems to touch the weftern Relipfe, 
limb of the Sun at W, when the Moon is at 4; | 
and the Sun’s Eclipfe begins at 4, appearing as at 
A in Fig. WI. at the left hand; but, at the fame 
moment of abfolute time to an obferver at a@ in 
Fig. I]. the weftern edge of the Moon at ¢ leaves 
the eaftern edge of the Sun at VY, and the Eclipfe 
ends, as at the right hand C of Fig. II. “At the 
very fame inftant, to all thofe who live on the Cir- 
cle marked 1 on the Earth Z-in Fig. II, the Moon 
M cuts off or darkens a twelfth part of the Sun S$, 
and eclipfes him one Digit, as at 1 in Fig. IIT: to 
thofe who live on the Circle marked 2 in Fig. I, 
the Moon cuts off two twelfth parts of the Sun, 
as at 2 in Fie. IIL: to thofe on the Circle 3, three 
parts; and fo on to the center at 12 in Fig. II, 
where the Sun is centrally eclipfed, as at B in the 
middle of Fig. Il; under which Figure there is a rig, 1, 
feale of hours and minutes, to fhew at a mean rate 
how long it is from the beginning to the end of a 
central Eclipfe of the Sun on the parallel of Loz- 
don; and how many Digits are eclipfed at any par- 
ticular time from the beginning at 4 to the mid- 
dle at B, or the end at C.. Thus, in 16 minutes 
from the beginning, the Sun is two Digits eclip- 
fed; in an hour and five minutes, eight Digits ; 
and in an hour and thirty-feven minutes, 12 Digits. 
334. By Fig. II. jt is plain, that the Sun is to- 
tally or centrally eclipfed but to a {mall part of the 
Earth at any time; becaufe the dark conical fhadow 
eof the: Moon / falls but on a imall part of the gig. m, 
Farth: and that the partial Eclipfe is confined at 
that time to the fpace included by the Circle aod, 
of which only one half can be projected in the | 
Figure, the other half being fuppofed to be hid by 
the convexity of the Earth #: and likewife, that 
no part of the Sun is eclipfed to the large {pace Y a 

S 4 0 
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PLATE of the Earth, becaufe the Moon is not between the 
TheVijo. Sun and any of that part of theEarth: and therefore 
city of the tg aij that part the K:clipfe is invifible. The Earth 
fhekwon turns eaftward on it’s Axis, as from g to 4, which 
the Fath. ig the fame way that the Moon’s fhadow moves; 
but the Moon’s motion is much {wifter in her Or- 
bit from sto 7: and therefore, although Eclipfes 
of the Sun are of longer duration on account of 
the Earth’s motion on it’s Axis than they would 
be if that motion was {topt, yet in four minutes of 
time at moft, the Moon’s iwifter motion carries 


her dark fhadow quite over any place that it’s cen-. 


ter touches at the time of greateft obfcuration. 
~The motion of the fhadow on the Earth’s Difc is 
equal to the Moon’s motion from the Sun, which 
is about 30; minutes of a degree every hour at a 
mean rate; but fo much of the Moon’s Orbit is 
equal to 30; degrees of a great Circle on the 
Harth, § 320; and therefore the Moon’s fhadow 
goes 30: degrees cr 1830 geographical miles on 
the arch in an hour, or 3ci miles in a minute, 
which is almoft four times as {wift as the motion 
of a.cannon-ball.,. ~ Rear 
338. As icen from the Sun or Moon, the Earth’s 
Axis appears differently inclined every day of the 
year, on account of keeping it’s parallelitm through- 
Fig. tv. Qut it’s annual courte. Let £, D,O, N be the 
_ ‘arch at the two E-guinoxes and the two Solftices, 
NS it’s Axis, N the North Pole, § the South Pole, 
4 Q the Equator, T the tropic of Cancer, ¢ the 
Phenomena tropic of Capricorn, and 4 BC the Circumference 
ofthe Barth of the Earth’s eniightened Difc as feen from. the 


as fren from 


the sini Sun or New Moon at thefe times. The Earth’s 
ape: Axis has the pofition NES at the vernal Equinox, 


times o: the Lying towards the right hand, as feen from the Sun 


~ or New Moon; it’s Poles N and S being then in 
the Circumference of the Difc; and the Equator 
and all it’s parallels feem to be ftraight lines, be- 
caufe their planes pafs through the obferver’s eye 
fovking dowa upon the Barth from the Sun of 
RPO TS he Oe bahia <cvionts 


cate 
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Moon directly over Z, where the Ecliptic FG in- 
teriects the Equator Z. At the Summer Solitice, 
the Earth’s Axis has the pofition NDS; and that 
part of the Ecliptic #’'G, in which the Moon is 
then New, touches the Tropic of Cancer Z at D. 
The North Pole N at that time inclining 232 de- 
grees towards the Sun, falls fo many degrees within 
the Earth’s enlightened Difc, becaufe the Sun is 
then vertical to D, 234 degrees north of the Equa- 
tor 47 9 and the kquator with all it’s parallels 
teem elliptic curves bending downward, or towards 
the South Pole, as feen from the Sun: which Pole, 
together with 23+ degrees all round ir, is hid be- 
hind the Difc in the dark Hemifphere of the Earth. 
At the autumnal Equinox, the Earth’s Axis has 
the pofition NO S, lying to the left hand as feen 
from the Sun or New Moon, which are then ver- 
tical to O, where the Ecliptic cuts the Equator 
42.2, Both Poles now lie in the circumference 
of the Difc, the North Pole juit going to difap- 
pear behind it, and the South Pole juft entering 
into it; and the Equator with all it’s parallels feem 
to be firaight lines, becaufe their planes pafs 
through the obferver’s eye, as feen from the Sun, 
and very nearly fo as feen from the Moon. At 


the Winter Solftice, the Earth’s Axis has the po- 


fition NiN'S; when it’s South Pole S inclining 292 
degrees towards the Sun, falls 234 degrees within 
the enlightened Difc, as feen from the Sun or New 
Moon, which are then vertical to the Tropic of 
Capricorn ¢, 234 degrees fouth of the Equator 
42 2, and the Equator with all it’s parallels feem 
elliptic curves bending upward ; the North Pole 
being as far behind the Difc in the dark Hemi- 
{phere, as the South Pole is come inte the light. 
The nearer that any time of the year is to the 
Equinoxes or Solftices, the more it partakes of the 

Phenomena relating to them. 
339. {hus it appears, that from the vernal equi- 
nox to the autuninal, the North Pole is enlighten- 
ed > 
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PLATE ed; and the Equator and all it’s paraflels appear 
Various po. €lliptical as feen from the Sun, more or lefs curved 
fitions of as the time is nearer to or farther from the Sum- 
the Farih’s A: : ; 
Axis, as met Solftice; and bending downwards, or towards 
hgh si he South Pole; the reverfe of which happens 
diferent from the autumnal Equinox to the vernal. A 
ce the little confideration will be fufficient to convince 
the reader, that the Earth’s Axis inclines towards 
the Sun at the Summer Solftice ; from the Sun at 
the Winter Solftice ; and fidewife to the Sun at 
the Equinoxes ; but towards the right hand, as 
feen from the Sun at the vernal Equinox ; and to- 
wards the left hand at the autumnal. From the 
Winter to the Summer Solftice, the Earth’s Axis 
inclines more or lefs to the right hand, as feen from 
the Sun; and ‘the contrary from the Summer to 
the Winter Solftice. 
How thee 340. The different pofitions of the Earth’s Axis, 
et tclac as teen from the Sun at different times of the year, 
Eclipes. affect folar Eclipfes greatly with regard to particu- 
lar places; yea fo far as would make central Eclipfes 
which fall at one time of the year invifible if they 
had fallen at another, even though the Moon fhould 
always change in the Nodes, and at the fame hour 
of the day: of which indefinitely various affec- 
tions, we fhall only give Examples for the times 
beat the Equinoxes and Solitices. 
Fic te! In the fame Diagram, let FG be part of the — 
Ecliptic, and IK, ik, ik, ik part of the Moon’s 
Orbit; both feen edgewile, and therefore projected 
into tight lines ; and let the interfections N, O, 
Drk be one and the fame Nede at the above times, 
when the Earth has the forementioned different 
pofitions ; and let the fpace included by the Cir- 
cles P, p, p, p be the Penumbra at thefe times, as 
it’s center is paffing over the center of the Earth’s 
Difc. At the Winter Solftice, when the Earth’s 
Axis has the pofiticon N NS, the center of the Pe- 
numbra P touches the Tropic of Capricorn-¢ in N 
at the middle of the general Eclipfe ; but no at 
Ol 


> 


Of Eclipfes, 


of the Penumbra touches the Tropic of Cancer 7. 
At the Summer Solftice, when the Earth’s Axis 
has the pofiion NDS (iD& being then part of 
the ,Moon’s Orbit, whofe Node is at ) the Pe- 
numbra p has it’s center at D, on, the Tropic of 
Cancer 7, at the middle of the general Eclipfe, 
and then no part of it touches the Tropic of Ca- 
pricorn #4, At the autumnal Equinox, the Earth’s 
Axis has the pofition NO S (iO & being then part 
of the Moon’s Orbit) and the Penumbra equally 
includes part of both Tropics 7 and ¢ at the middle 
of the general Eclipfe: at the vernal Equinox it 
does the fame, becaufe the Farth’s Axis has the 
pofition NES: but, in the former of‘ thefe two 
laft cafes, the Penumbra enters the Earth at 4%, 
north of the ‘Tropic of Cancer 7, and leaves it at 


m, fouth of the Tropic of Capricorn ¢; having, | 


gone over the Earth obliquely fouthward, as it’s 
center defcribed the line 4Om: whereas, in the 
Jatter cafe, the Penumbra touches the Earth at x, 
fouth of the Equator 4 2, and deicribing the 
line » Eq (fimilar to the former line 4Om in open 
fpace) goes obliquely northward over the Earth, 
and leaves it at g, north of the Equator. 

In all thefe circumftances, the Moon has been 
fuppofed to change at noon in her defcending 
Node: had fhe changed in her afcending Node, the 
Phenomena would have been as various the con- 
trary way, with refpect to the Penumbra’s going 
northward or fouthward over the Earth. But be- 
caule the Moon changes at all hours, as often in 
one Node as in the other, and at all diftances from 
them both at different times as ic happens, the va- 
riety of the Phafes of Eclipfes are almoft innume- 
rable, even at the fame places; confidering alfo 
how varioufly the fame places are fituated on the 
enlightened Dilc of the Earth, with refpeét to the 
Penumbra’s motion, at the different hours when 
Eclipfes happen, : 

fa: 341. When 
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How much . 241, When the Moon changes 17 degrees fhort 


f the Pe- ~ : > : : 
numbrafails Of her defcending Node, the Penumbra P 18 juft 


ontheEarth touches the northern part of the Earth’s Difc, 
at different 


diftances near the North Pole N; and, as feen from that 


from the place, the Moon appears to touch the Sun, but 
hides no part of him trom fight. Had the Change 


Nodes. 


been as far thort of the afcending Node, the Pe- 
numbra would have touched the fouthern part of 


the Difc near the South Pole §. When the Moon: 


changes 12 degrees fhort of the defcending Node, 
more than a third part of the Penumbra P 12 falls 


on the northern parts of the Earth at the middle’ 


of the general Eclipfe: had the changed as far 
paft the fame Node, as much of the other fide of 
the Penumbra about P would have fallen on the 
fouthern of the Earth ; all the reft in the expanfum, 


or open fpace. When the Moon changes 6 de- 


grees from the Node, almoft the whole Penumbra 
P 6 falls on the Earth at the middle of the general 
Eclipfe. And laftly, when the Moon changes in 
the Node at NN, the Penumbra P N takes the 
longeft courfe poffible on the Earth’s Difc; it’s 
. center falling on the middle thereof, at the middle 
of the general Eclipfe. The farther the Moon 
changes from either Node, within 17 degrees of 
it, the fhorter is the Penumbra’s continuance on 
the Earth, becaufe it goes over a lcfs portion of 
the Dic, as is evident by the Figure. 
The Earth's 342. Phe nearer that the Penumbra’s center is to 
diurnal mo- a ae Re 
tion length- the Equator at the middle of the general Eclipfe, 
ens ee the lenger is the duration of the Eclipfe at all 


ration of fo- 


lar Eclipfes, thofe places where it is central; becaufe, the nearer’ 


which fall 
without the 


that any place is to the Equator, the greater is the 


polarCw- Circle it defcribes ‘by the Earth’s motion on it’s’ 
Axis: and fe, the place moving quicker, keeps 
longer in the Penumbra, whofe motion is the fame 
way with that of the place, though fafter, as has’ 
been already mentioned, § 337. Thus (fee the 
Earth at D and the Penumbra at12) whilft the _ 


cles, 


point 4 in the polar Circle acd is carried from 3° 
‘ {ie t@ 


— 
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to ¢ by the Earth’s diurnal motion, the point don 
the Tropic of Cancer Tf is carried a much greater 
length from d to D: and therefore, if the Pe- 
numbra’s center goes one time over ¢ and another 
time over D, the Penumbra will be longer in paf- 
fing over the moving place d than it was in pafling 
over the moving place 2. Confequently, central 
Eclipfes about the Poles are of the thorteft dura- 


- tion; and about the Equator the longetft. 


343. In the middle of Summer, the whole fri- And nr 
gid Zone included by the polar Circle a4 cd is en- ritisr oP 
lightened ; and if it then happens that the Penum- pape ik ey 
bra’s center goes over the North Pole, the Sun will thence 
be eclipfed much the fame number of Digits at a“ 
as atc; but whilft the Penumbra moves eaftward 
over c, it moves weftward over a, becaufe, with re- 

{pect to the Penumbra, the motions of a and ¢ are 
contrary: for ¢c moves the fame way with the Pe- 
numbra towards ¢, but @ moves the contrary way 
towards ; and therefore the Eclipfe will be of 
longer duration at ¢ than at @. Ata the Eclipfe 
begins on the Sun’s eaftern limb, but at ¢ on his 
weftern: at all places lying without the polar Cir- 
cles, the Sun’s Eclipfes begin on his weftern limb, 
Or near it, and end on or near his eaftern. At thofe 
places where the Pentumbra touches the Earth, the 
Ecliple begins with the rifing Sun, on the top of 


his weitern or uppermoft edee; and at thofe places 
where the Penumbra leaves the Earth, the Eclipte 


ends with the fetting Sun, on the top of his eaftern 
edge, which is then the uppermoft, juft at it’s dif- 
appearing in the Horizon. 

344. lf the Moon were furrounded by an At- The Moon 
mofphere of any confiderable Denfity, it would ae 
feem to touch the Sun a little before the Moon 
made her appulfe to his edge, and we fhould fee a 
little faintnefs on that edge before it were eclipled 
by the Moon: but as no fuch faintnefS has been 
obferved, at leaft fo far as T ever heard, it feems 
plain, that the Moon has no fuch Atmofphere as that 
or of 
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of the Earth. The faint ring of licht furroundiiig 
the Sun in total Eclipfes; called by Cassint ia 
Chevelure du Soleil, feems to be the Atimofphere of 
the Sun; becaufe it has been obferved to-move 
equally with the Sun, not with the Moon. : 
345. Having been io prolix concerning Eclipfes 
of the Sun, we fhall drop that fubjeét at prefent; 
and proceed to the doétrine of lunar Felipfes ; 
which, being more fimple, may be explained in 


~* lefsS time. 


Eclipfes of 
the Moon. 


Fig. Il, 


Why the 
Moon is vi- 
fible in a to- 


tal Eclipfe, 


That the Moon can never be eclipfed but at thé 
time of her being Full, and the reafon why fhe is 
not eclipfed at every Full, has been fhewn already, 
§ 316, 317. » Let S be the Sun, E the Earth, RR 
the Earth’s fhadow, and B the Moon in oppofition 
to the Sun: in this fituation the Earth intercepts 
the Sun’s light in it’s way to the Moon; and when 
the Moon touches the Earth’s fhadow at , fhe be: 
gins tobe eclipfed on her eaftern limb », and ¢6ti- 
tinues eclipfed until her weftern limb y leaves thé 
fhadow at w: at B fhe is in the’ middle of the 
thadow, and confequently in the middle of the 
Eclipfe. £9 Rie 

346. The Moon when totally eclipfed is not’ in2 
vifible, if fhe be-above the Horizon and the Sky 
be clear; but appears generally of a dufky colour 
like tarnifhed copper, which fome have thought to 
be the Moon’s native light. But the true caufe of 
her being vifible is the fcattered beams of the Sun, 
bent into the Earth’s fhadow by going through the 
Atmofphere; which, being more denfe near the 
Earth than at confiderable heights above it, re- 
fraéts or bends the Sun’s rays more inward, § [795 
the nearer they are pafling by the Earth’s furface, 
than thofe rays which go through higher parts of 
the Atmofphere, where it is lefs denfe accordine 
to it’s height, until it be fo thin or rare as to lofe 
it’s refractive power. Let the Circle fg bi, con- ¥ 
centric to the Earth, include the Atmofphere } 
whofe refractive power yanifhes at the heights f 

6 | 


and 4 
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and; fo that the rays Wfw and-Viv go on Yee 
{traight without fuffering the leaft refraction; Bur ~" 
all thofe rays which enter the Atmotphere between 

fand &, and between 7 and /, on oppofite fides of 

the Earth, are gradually more bent inward as they 

go through a greater portion of the Atmofphere, 

until the rays Wk and VJ touching the Earth at 

mand #, are bent fo much as to meet at g, a little 

fhort of the Moon ; and therefore the dark fhadow 

of the Earth is contained in the {pace mogpn, 
where none of the Sun’s rays can enter: all the 

reft K R, being mixed by the fcattered rays which 

are refracted as above, is in fome meafure enlich- 

tened by them ; and fome of thofe rays falling on 
the Moon, give her the colour of tarnifhed copper, 

or of iron almoft red hot. So that if the Karth 

had no Atmofphere, the Moor would be as invi- 

fible in total Eclipfes as fhe is when New. If the 

Moon were fo near the Earth as to go into it’s dark 
fhadow, fuppofe about pa, the would be invifible 
during her ftay in it; but vifble before and after 
in the fainter fhadow R R. 

_ .347--When the Moon goes through the center why the 
of the Earth’s thadow, the is directly oppofite to cayithe h 
the Sun: yet the Moon has been often feen to- fometimes 
tally eclipfed in the Horizon when the Sun was eae 
alfo vifible in the oppofite part of it: for, the ho- is totally 
rizontal refraction being almoft 34 minutes of a ‘lie 
of a degree, § 181, and the diameter of the Sun 

and Moon being each at a mean ftate but. 32 
minutes, the refraction caufes both Luminaries to 
appear above the Horizon when they are really 
below it, § 179. 

_, 348. When the Moon is Full at 12 degrees Fig.v. 
from either of her Nodes, the jeft touches the 
Earth’s fhadow, but enters not into it. LetGH 

be the Ecliptic, ef the Moon’s Orbit where the is 

42 degrees from the Node at her Full; cd her 
Orbit where fhe is 6 degrees from the N ode, ab 

her Orbit where fhe is Full in the Node, 48 the 

Karth’s 
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Earth’s fhadow, and M7 the Moon. When the 


‘Moon defcribes the line ef, fhe juft touches the 


fhadow, but does not enter into it; when fhe de- 
fcribes the line cd, fhe 1s totally though not cén- 
trally immerfed in the fhadow; and when fhe de- 


{cribes the line ad, fhe paffies by the Node at M 


Digits. 


Why the 
beginning 
and end of 
a lunar 


Eclipfe is fo 


- @ifficult to 


be deter- 
mined by 
ebfervation. 


in the center of the fhadow, and takes the longeft 
line poffible, which is a diameter, through it: and 
fuch an Eclipfe being both total and central is of 
the longeft duration, namely, 3 hours 57 minutes 
6 feconds from the beginning to the end, if the 
Moon be at her greateft diftance from the Earth: 
and 3 hours 37 minutes 26 feconds, if fhe be at 
her leaft diftance. The reafon of this difference 
is, that when the Moon is fartheft from the Earth, 
fhe moves the floweft; and when neareft to it, 
quickeft. i Mira 

349. The Moon’s diameter, as well as the Sun’s, 


is f{uppofed ‘to ‘be divided into twelve equal parts, 


called Digits; and fo many of thefe parts as are 
darkened by the Earth’s fhadow, fo many Digits 
is the Moon eclipfed. All that the Moon is 
eclipfed above 12 Digits, fhew how far the fhadow 
of the Earth is over the body of the Moon, on 
that edge to which fhe is neareft at the middle of 
the Eclipfe. . 
360. It is difficult to obferve exactly either the 
beginning or ending of a lunar Eclipfe, even with 
a good Velefcope ; becaufe the Earth’s fhadow is 
fo faint, and ill defined about the edges, that when 
the Moon is either juft touching or leaving it, the 
obfcuration of her limb is fcarce fenfible; and 
therefore the niceft obfervers can hardly be certain 
to four or five feconds of time. But both the be- 
ginning and ending of folar Eclipfes are vifibly 
inftantaneous; for the moment that the edge of 
the Moon’s Dife touches the Sun’s, his roundnefs 
feems a little broke on that part; and the moment 
fhe leaves it, he appears perieCtly round again. 
. 351. In 
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35t. In Aftronomy, Eclipfes of the Moon are The went 

of great ufe for afcertaining the periods of her Atabaah 
motions; efpecially fuch Eclipfes as are obferved Cons 
to be alike in all circumiftances, and have long toy. 
intervals of time between them. In Geogra- 
phy, the Longitudes of places are found by 
Eclipfes, as already fhewn in the eleventh chapter : 
but for this purpofe Eclipfes of the Moon are more 
ufeful than thofe of the Sun, becaufe they are 
more frequently vifible, and the fame lunar Eclipfe 
is of equal largenefs and duration ‘at all places 
where it is feen. In Chronology, both folar and 
dunar Eclipfes ferve to determine exactly the time 
of any paft event: for there are fo many particu- 
Jars obfervable in every Eclipfe, with refpect to it’s 
~ quantity, the places where it is vifible (if of the 
Sun) and the time of the day or night; that it is 
- impoffible there can be two folar Eclipfes in the 
courfe of many ages which are alike in all cir- 
cumftances. 

352. From the above explanation of the doc- The dark. 
trine of Eclipfes it is evident, that the darknefs at go 3%, 
our Saviour’s crucifixion was fupetnatural. For crucifixion 
he fuffered on the day on which the Paffover was UP" 
eaten by the Yews, on which day it was impoffible 
that the Moon’s fhadow could fall on the Earth; 
for the Fews kept the Paffover at the time of Full 
Moon: nor does the darknefs in total Eclipfes of 
the Sun laft above four minutes in any place, § 333, 
whereas the darknefs at the crucifixion lafted three 
hours, Matt. xxviil. 15, and overfpread at leaft all 


the land of Yudea. 
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4g Gill oAinP kta Sac 


Shewing the Principles on which the following Hiro. 


nomcal Tables are conftrucied, and the Method of 
_ calculating the Times of New and Full Meons and 
Echipfes by them, 


353-7 # HE nearer that any, objeé is to the eye 

T of an obferver, the greater is the angle 
under which it appears: the farther from the eye, 
the lefs, 

The diameters of the Sun and Moon fubtend 
different angles at different times. And, at equal 
intervals of time, thefe angles are once at the 
greateft, and once at the leaft, in fomewhat more 
than a compleat revolution of the Lu minary through 
the Ecliptic, from any given fixed Star.to the fame 
Star again.—This proves that the Sun and Moon 
are conftantly changing their diftances from the 
Earth; and that they are once at their greateit dif- 
tance, and once at their. leaft, in little more than 


a compleat revolution. 


The gradual differences of thefe angles are not 
what they would be, if the Luminaries moved in, 
circular Orbits, the Earth being fuppofed to be. 
placed at fome diftance from the center: but they 
agree perfectly with elliptic orbits, fuppofing the 
lower focus of each orbit to be at the center of the. 
Farth. 


The fartheft point of. each Orbit from the, 


Earth’s center is called the Apogee, and the neareft 
point is called the Perjgee—Thefe points are di- 
rectly oppofite to each other. 

Aftronomers divide each Orbit into 12 equal 
parts, called Signs; each fign into 30 equal parts, 
called Degrees ; ; each degree into 60 equal parts, 
called Minutes; and every minute into 60 equal 


parts, called Seconds. .The diftance of the Sun or. 


Moon ftont‘any given point of it’s. orbit, is reck- 


oned. 
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oned in figns, degrees, minutes, and feconds. Here 
we mean the diftance that the Luminary has 
moved through from any given point; not the 
fpace it is fhort thereof in coming round again, 
though ever fo little. 

The diftance of the Sun or Moon from it’s 
Apogee, at any given time, is called it’s mean 
Anomaly : {o that, in the Apogee, the anomaly 1 is 
nothing ; in the Perigee, it is fix figns. 

The motions of the Sun and Moon are obférved - 
to be continually accelerated from the Apogee to 
the Perigee, and as gradually retarded from the 
Perigee to the Apogee; being floweft of all when 
the mean anomaly is nothing, and {wifteft of all 
when it is fix figns. 

_ When the Luminary is in it’s Apogee or Pert- 
gee, it’s place is the fame as it would be, if it’s 
motion were equable in all parts of it’s Orbit.— 
The fuppofed equable motions are called mean; 
the unequable are juftly called the true. | 

The mean place of the Sun or Moon, is always 
forwarder than the true place*, whilft the Lumi- 
Mary is moving from it’s Apogee to it’s Perigee; 
and the true place is always forwarder than the 
mean, whilft the Luminary is moving from it’s 
Perigee to it’s Apogee.—In the former cale, the 
anomaly is always lefs than fix figns ; and in the 
latter cafe, more. 

It has been found, by a long feries of obferva- 
tions, that the Sun goes through the Ecliptic, from 
the Vernal Equinox to the fame Fiquinox again, in 
365 days 5 hours 48 minutes 55 feconds: from the 
Jirft Star of Aries to the fame Star again, in 365 days 
6hours.g minutes 24 feconds : and from his Apogee 
to the fame again, in 365 days 6 hours 14 minutes 
o feconds.—The firft of thefe is called the Solar 
Year, the fecond the Sydereal Year, and the third 
/ %* ‘The paint of the Ecliptic i in which the Sun or Moon is; 


. at any given ‘moment of tite, is called the place of the Sun or 
Moon at that time. Q 


To 32 the 
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the Anomaliftic Year... So.that the Solar Year is 20 


minutes 29 feconds fhorter than the Sydereal; and 
the Sydereal Year is 4 minutes 36 feconds fhorter 
than the Anomaliftic.—Hence it appears, that the 
Equinoéiial Pornt, or interfection of the Ecliptic and 
Equator at the beginning of Aries, goes backward 
with refpect to the fixed Stars, and that the Sun’s 
Apogee goes forward. 

It is allo obferved, that the Moon goes through 
her Orbit, from any given fixed Star to the fame 
Star again, in 27 days 7 hours 43 minutes 4 fe- 
conds, at a mean rate: from her Apogee to her 
Apogee again, in 27 days, 13 hours 18 minutes 
43 feconds: and from the Sun to the Sun again, 
in 29 days 12 hours 44 minutes 3,5 feconds.— 


, This fhews, that the Moon’s Apogee moves for- 
ward in the Ecliptic, and ¢haé at a much quicker — 


rate than the Sun’s Apogee does; fince the Moon 
is 5 hours 55 minutes 39 feconds longer i in revolv- 
ing from her Apogee to her Apogee again, than 
from any Star to the fane Star again. 

The Moon’s Orbit croffes the Ecliptic in two 
oppofite points, which are called her Nodes: and 
it is obferved that fhe revolves fooner from any 
Node to the fame Node again, than from any Star 
to the fame Star again, by 2 hours 38 minutes 27 
feconds, which fhews that her Nodes move back- 
ward, or contrary to the order of figns, in .the 
Ecliptic. 


The time in. which the Moon gy from the 


Sun to the Sun again (or from change to change) 
is called a Lunation, which, according to Dr. 
Pounp’s mean meafures, would always confift of 
29, days 12 hours 44 minutes 3 feconds 2 thirds 


58 fourths, if the motions of the Sun and Moon 


were always equable*.—Hence, 12 mean Luna- 


* We have thought proper to keep by Dr. Pound's length — 


of a mean Lunation, becauie his numbers come nearer to th¢ 
times of the antient Eclipfes, than M@eyer’s do, without allow- 
ing for the Moon’s acceleration. 


- tions 
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tions contain 354 days 8 hours 48 minutes 36 
feconds 35 thirds 40 fortis. which is 10 days 21 
hours 11 minutes 22 feconds. 24 thirds 20 fourths 
lefs than the leneth of acommon Yulian year, conit- 
ing of 365 days 6 hours: and 13 mean Lunations 
contain 383 days 21 hours 32 minutes 29 feconds 
38 thirds 3% fourths, which exceeds the length of 
a conynon Fulzan year, by 18 days 15 5 hours 32 
minutes. 39 feconds 38 thirds 38 fourt " 

The mean time of New Moon being found for 
any given year and month, as fuppofe fur March 
1700, Old Stile, if this mean New Moon falls later 
than the rith day of Merch, then, 12 mean Luna- 
tions added to the time of this mean New Moon, 
will give the time of the mean New Moon in 
: March 1701, after having thrown off 365 days.— 
But, he the mean New Moon happens to be be- 
fore the 11th of arch, we mult add 13 mean 
Lunations, in order to have the time of mean New 
Moon in March the year following: always taking 
care to fubtract 365 days in common years, and 
366 days in leap-years, from the fum of this 
~ addition. ‘ 

Thus, 4. D. 1700, Old Stile, the time of mean 
New Moon in March was the 8th dav, at 16 bours 
II minutes 25 feconds after the noon of thar day 
(viz. at 11 minuies 25 feconds paft IV in the 
Morning of the goth day, according to common 
reckoning.) ‘To this we mutt add 13 mean Lu- 
Nations, or 384 days 21 hours 232 minutes 39 fe- 
conds 38 thirds 38 ‘fourths, aod the fum’ will be 
392 dayS 13 hours 44 minutes 4 feconds 38 thirds 
38 fourths; from .which fubdtract 36 wae be- 

caufe the year 1701 is a common year, and there 
will remain 27 days 1; hours 44 minutes 4 feconds 
38 thirds 28 fourchs for the ‘tune’ of mean New 
Moon in March, A.D. 1701. 


Carrying on this addition and fubtraction till 


4. D. 1703, we find the time of mean New Moon 
in March that year, to be on the 6th day, at 7 
23 hours 


47]. 
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hours 21 minutes 17 feconds 49 thirds 46 fourths 
paft noon ; to which add 13 mean Lunations, and 
the fum will be 390 days 4 hours 53 minutes 57 
feconds 28 thirds 20 fourths ;, from which fubtract 
366 days, becaufe the year 1704 1s a leap-year, and 
there will remain 24 days 4 hours 53 minutes 57 
feconds 28 thirds 20 fourths, for the time of mean 


_ New Moon in March, 4. D. 1704. 


In this manner was the firft of the following 
Tables conftructed to feconds, thirds and fourths; 
and then wrote out to the neareft feconds:—The 
reafon why we chole to begin the year with March, 
was to avoid the inconvenience of adding a day to 
the tabular time in leap-years after February, or 
fubtracting a day therefrom in Fanuary and Febru- 
ary in thofe years ; to which all tables of this kind 
are fubject, which begin the year with Fanuary, in 


“calculating the times of New or Full Moons, - 


The mean anomalies of the Sun and Moon, and 
the Sun’s mean motion from the afcending Node 
of the Moon’s Orbit, are fet down in Table III, 
from ‘one to 13 mean Lunations,—Thefe Num- 
bers, for 13 Lunations, being added to the radical 
anomalies of the Sun and Moon, and to the Sun’s 
mean diftance from the afcending Node, at the 
time of mean New Moon in March 1700, (Table I.) 
will give their mean anomalies, and the Sun’s mean 
diftance from the Node, at the time of mean New 
Moon in March 17013; and being added for 12° 
Lunations to thofe for 1701, give them for the 
time of mean New Moon in March 1702. And 
{fo on, as far as you pleafe to continue the Table 
(which is here carried on to the year 1 800) always 
throwing off 12 figns when their fum exceeds 12, 


and fetting down the remainder.as the proper 
quantity. q 


If the Numbers belonging to 4 D. 1700 (in 
Table I.) be fubtracted from thofe belonging to 
1800, we fhall have their whole differences in 100 
compleat Julian years; which accordingly’we find 

fQ 


’ 
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to be 4 days 8 hours 10 minutes 42 feconds 14 
thirds 40 fourths, with refpect to the time of mean 
New Moon,—Thefe being added together 60 times 
(always taking care to throw. off a whale Ljunation 
when the days exceed 29;).making up 60 centu- 
ries, Or 6000. years,.as in Table VI, which was 
carried on to feconds, thirds, and fourths; and 
then wrote gut to the neareft feconds. In the fame 
manner were the reipective anomalies and the Sun’s 
diftance from the Node found, for thele centurial 
years; and then (for want of room) wrote,out-only 
to the neareft minutes, which 1s lufficient in. whole 
centuries. —By means of thefe two Tables, we may 
find the, time. of any. mean New Moon in March, 
together with the anomalies of the Sun and Moon, 
; and the. Sun’s difttance. from. the Node, at. thefe 

times, within. the limits of 6000 years, either be- 
fore or after any given year,in the 18th. century ; 
and the meantime of any New or Full Moon in 
any given. month after. March, by means: of tie 
third, and fourth Tables, within the fame limits, as 
fhewn in the precepts for calculation. 

Thus it would be a very eafy matter to calculate 
the time of any New or Full. Moon, if the Sua 
and Moon, moved equably in all parts of their 
Orbits.—But we have already fhewn. that, their 
places are never the fame as they would be by 
equable motions, except when they are in Apogee 

or Perigee; which is, when their mean anomalies 
4 either ‘nothing, ot fix figns: and that their 
mean places. are always forwarder than their true 
places, whilft. the anomaly is lefs than fix figns; 
and their true places are forwarder than the mean, 
whilft the anomaly is more. 

Hence it is evident, that whilft the Sun’s ano- 
maly is lefs than fix figns, the Moon will overtake 
him, or be oppofite to him, fooner than the could 
if his motion were equable; and later whilft his 
anomaly is more than fix figns.—The greateft dif- 
ference that can poffibly happen between.the mean 
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and true time of New or Full Moon, on account 
of the inequality of the Sun’s motion, is 3 hours 
48 minutes 28 feconds: and that is, when the. 
Sun’s anomaly is either 3 figns 1 degree, or 8 figns 
29 degrees; fooner in the firft cafe, and later in 
the laft.—In all other figns and degrees of ano- 
maly, the difference is gradually le{s, and vanifhes 
when the anomaly is either nothing or fix figns. 
The Sun'is in his Apogee on the 30th of Yune, 
and in his Perigee on the 30th of December, in the 
prefent age: fo that he is nearer the Earth in our 
winter than in our fummer.—The proportional 


difference of diftance, deduced from the difference — 


of the Sun’s apparent diameter at thefe times, is 
as 983 to 1017. : IY ae ee 

The Moon’s orbit is dilated in winter, and con: 
traced in fummer; therefore, the Lunations are 
longer in winter than ‘in fummer. The greatett 
difference is found to be 22 minutes 29 feconds: 
the Lunations increafing gradually in length whilit 
the Sun is moving from his Apogee to his Perigee, 
and decreafing in length whilft he is moving from 
his Perigee to his Apogee.—On this’ account, the 
Moon will be later every time in coming to her 
conjunction with the Sun, or being: in oppofition 
to him, from December till June, and fooner from 
June till December, than if her orbit had continued 
of the fame fize all the year round. | 

As both thefe differences depend on the Sun’s 


anomaly, they may be fitly put together into one 


Table, and called The annual, or firft equation of the 
mean to the true ™ fyzygy (fee Table VII.) This 


equational difference is to be fubtraéted from the 
time of the mean lyzygy when the Sun’s anomaly’ 


is lefs than fix figns, and added when the anomaly 
is more.—At the greatetft, ic is 4 hours 16 minutes 
57 feconds, viz. 3 hours 48 minutes 28 feconds, 
on account of the Sun’s unequal motion, and 22 


* The word fzygy fignifies both the conjunétion and oppo- 4 


fition of the Sun and Moon. 
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minutes 29 feconds, on account of the dilatation 
of the Moon’s orbit. 

This compound equation would be fufficient for 
reducing the mean time of New or Full Moon to 
the true time thereof, if the Moon’s orbit were of 
a citcular form, and her motion quite equable in 
it.—But the Moon’s orbit is more elliptical than 
the Sun’s, and her motion in it fo much the more 
unequal. The diflerence is fo great, that fhe is 
fomietimes in conjunction with the Sun, or in op- 


pofition to him, fooner by 9 hours 47 minutes 54 - 


feconds, than fhe would be if her. motion were 
equable ; and at other times as much later—The 
former happens when her mean anomaly ts 9 figns 
4 degrees, and the latter when it is 2 figns 26 de- 
grees. See Table [X. 

At different diftances of the Sun from the Moon’s 
Apogee, the figure of the Moon’s orbit becomes 
different.—It is longeft of all, or moft excentric, 
when the Sun is in the fame fign and degree either 
with the Moon’s Apogee or Perigee; fhorteft of 
all, or leaft excentric, when the Sun’s diftance 
from the Moon’s Apogee is either three figns or 
nine figns ; and at a mean ftate when the diltance 
ds either 1 fign 15 degrees, 4 figns 15 degrees, 7 
figns 15 degrees, or to figns 15 degrees.— When 
the Moon’s orbit is at it’s greateft excentricity, ber 
apogeal diftance from the Earth’s center is to her 
perigeal diftance therefrom, as 1067 is to'933 3 
when leaft excentric, as 1043 is t0 9573 and when 
at the mean ftate, as 1055 is to 945. 

But the Sun’s diftance from the Moon’s Apogee 
is equal to the quantity of the Moon’s mean ano- 
‘maly at the time of New Moon, and by the addt- 
tion of fix figns, it becomes equal in quantity to 
the Moon’s mean anomaly at the time of Full 
Moon.—Therefore, a table maybe conftructed fo as 
to anfwer to all the various inequalities depending 
on the different excentricities of the Moon’s orbit, 
in the fyzygiess and called The fecond equation of 
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the mean to the true fyzygy (fee Table IX.) and the 
Moon’s anomaly, when equated by Table VIL. , may 
be made the proper argument for taking out this 


fecond equation of time; which mutt bey added. to 


the former equated time, when the Moon’s ano- 


maly is lefs.than fix figns, and lubwecied when 


the anomaly is more. 

There are fevera! other aver oh inthe Moon’ 's 
motion, which fometimes bring on the true fyzygy 
a little fooner, and, at other times keep it back a 
little later, than it would otherwife be: . but. they 
are fo fmall, that they may be all omitted except 


and Moon in. the, fyzygies,' and the latter (/¢e 


‘Table XI.) depends on the Sun’s diftance from 


the Moon’s Nodes at: thefe. times. The greatelt 
difference arifing from the former, is -4 minutes 58 
feconds; and from the latter, 1 minuse 34 feconds. 


Having defcribed the Phenomena arifing from the i ine- 
qualities of the Solar.and Lunar Motions, we foall 
now foew the reasons of these incqiiatiiseh 


In all calculations relating to the Sun and Moon, 
we confider the Sun as a moving.body, and, the 


‘two; the founet of which (/ee Table X.) depends _ 


on hie difference between the anomalies of the Sun 


Karth as a body at reft; fince all the appearances = - 


are the fame, whether it be the Sun or the Earth 
that moves.—But the truth is, thatthe Sunis at — 


reft, and the Earth moves round: him once a year, 
in the plane of the Ecliptic.. Therefore, whatever 


fign and degree of the Ecliptic the Earth is in, at — | 


any given time, the’ Sun will, then appear to be in 
the oppofite fign and degree. 

The nearer that any body is to. the Sun, the 
more it is attracted by him -and this attraction 
increafes as the {quare of the diftance diminifhes 5 
and wice verfa.. 

The Earth’s annual Orbit is elliptical, and the 


_ Sun is placed in one of it’s focufes, ‘The remoteft 


point 
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point of the Earth’s orbit from the Sun, 1s called 
The Earth’s Aphelion, and the neareft point of the 
Earth’s orbit to the Sun, is called The Harth’s Pert- 
helion.—When the Earth is in it’s Aphelion, the 
Sun appears to be in it’s Apogee; and when the 


Earth is in it’s Perihelion, the Sun appears to be. 


in it’s Perigee. Wess 

As the Earth moves from it’s Aphelion to it’s 
Perihelion, it is conftantly more and more attracted 
by the Sun; and this attraction, by confpiring in 
fome degree with the Earth’s motion, muff necef- 
farily accelerate it. But as the Earth moves from 
it’s Perihelion to it’s Aphelion, it is continually 
lefs and lefs attracted by the Sun; and as this at- 
traction acts then juft as much againft the Earth’s 
motion, as it aéted for it in the other half of the 
Orbit, it retards the motion in the like degree, — 
The fafter the Earth moves, the fafter will the Sun 
appear to move; the flower the Earth moves, the 
flower is the Sun’s apparent motion. 

The Moon’s orbit is alfo elliptical, and the Earth 
keeps conttantly in one of it’s focufes.—The Earth’s 
attraction has the fame kind of influence on the 
-Moon’s motion, as the Sun’s attraction has on the 
motion of the Earth: and therefore, the Moon’s 
motion mutt be continually accelerated whilft fhe 
is paffing from her Apogee to her Perigee; and as 
gradually retarded in moving from her Perigee to 
her Apogee. 

' At the time of New Moon, the Moon is nearer 
the Sun than the Earth is at that time, by the whole 
femidiameter of the Moon’s orbit ; which,ata mean 
ftate, is 240,000 miles: and at the Full, the is as 
much farther, from the Sun than the Earth then is. 
—Confequently, the Sun attracts the Moon more 
than it attra¢éts the Earth in the former cafe, and 
leis in the latter. The difference is greateft when 
the Earth is neareft the Sun, and leaft when it is far- 
theft from him. » The obvious refult of this is, that 


as the Earth is neareft to the Sun in winter, and 
- fartheft 
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fartheft from him in fummer, the Moon’s orbit 
mutt be dilated in winter, and contracted in fumimer. 


Thefe are the principal caufes of the difference. 


of time, that generally happens between the mean 


and true times of conjunction or oppofition of the — 


Sun and Moon. As to the other two differences, 
viz. thofe which depend on the difference between 
the anomalies of the Sun and Moon, and upon the 
Sun’s diftance from the lunar Nodes, in the fyzy- 
gies, they are owing to the different degrees of at- 


traGtion of the Sun and Earth upon the Moon, at | 


greater or lefs diftances, according to their refpec- 
tive-anomalies, and to the pofition of the Mcon’s 
Nodes with refpect to the Sun. 

If ever ic fhould happen, that the anomalies of 
both the Sun and Moon were either nothing or fix 
figns, at the mean time of New or Full Moon, and 
the Sun fhould then be in conjunction with either 
of the Moon’s Nodes, all the above-mentioned 
equations would vanifh, and the mean and true 
time of the fyzygy would coincide. But if ever 
this circumitance did happen, we cannot expect the 
like again in many ages afterward. 
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TABLE |. The mean Time of New Moon in March, Old Stue; 

- with the mean Anomalies of the Sun and Afoon, and the Sun’s mean Dif- 
tance from the Moon's Afcending Node, from A. D. 1700 to A. D. 1800 
inclyfive. 
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TABLE I. continued. Old Stile. 
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TABLE I. concluded, Ola Stile. 
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TABLE IL Aan New Mon, &c. in March, New Stile, from} 
| A. D. 1752 to A. D. 1800. : 
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TABLE IV. The Days, of the Year, reckoned from the | 
beginning of March. 
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TABLE VI. The fir? mean New Moon, with the mean Anoma- 
lies of the Sun and Moon, and the Sun’s mean Diftance from the 
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Afeending Node, next after compleat Centuries of “fulian years. 
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Precepis relative ta the preceding Tables. 


Lo calculate the true Time of New or full Moon. 


Precept I, If the required time be within the 
limits of the 18th century, write out the mean time 
of New Moon in March, for the propofed year, 
from Table I. in the Old Stile, or from Table IT. 
in the New; together with the mean Anomalies 
of the Sun and Moon, and the Sun’s mean Dif 
tance from the Moon’s afcending Node.—If .you 
want the time of full Moon in March, add the 
half, Lunation at the foot of Table II], with it’s 
Anomalies, gc. to the former numbers, if the 
New. Moon falls before the 15th of March; but 
if it falls after, fubtract the half Lunation, with 
the Anomalies, &c. belonging to it, from the for- 
mer numbers, and write down the refpective fums 
or remainders. : 

il. In thefe additions or. fubtraétions, obferve, 
that 60 feconds make a minute, 60 minutes make 
a degree, 30 degrees make a fign, and 12 figns 
make a circle—When you exceed 12 figns in ad- 
dition, reject 12, and fet down the remainder.— 
When the number of figns to be fubtracted is 
greater than the number you fubtraé from, add 
12, figns to the leffer number, and then you will 
have a remainder.to fer down.—In the Tables, 
figns are marked thus‘, degrees thus°, minutes 
thus’, and feconds thus”. 

II. When the required New or Full Moon is 
in any given month after March, write out as many 
Lunations, with. their. Anomalies, and the Sun’s 
diftance from. the Node, from Table III, as the 
given month is after March; fetting them in order 
below the numbers taken out for Marck. 

IV. Add all. .thefe together, and they will give 
the mean time of the required New or Full Moon, 
with the mean Anomalies and Sun’s mean diftance 
from the afcending Node, which. are the Argu- 
ments for finding the proper Equations. 
Ju) | . V. With 


ee 
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V. With the number of days added together, 
enter TableIV. under the given Month; and againft 
that number you have the day of mean New or 
Full Moon in the left-hand column, which fet 
before the hours, minutes, and feconds, already 


found. 


But (as it will fometimes happen) if the faid 
number of days falls fhort of any in the column 
under the given month, add one Lunation and it’s 
Anomalies, &c. (from Table II.) to the forefaid 
fums, and then you will have a new fum of days 
wherewith to enter Table IV. under the given 
month, where you are fure to find it the fecond 
time, if the firft falls fhort. | 

VI.. With the figns and degrees of the Sun’s 
Anomaly, enter Table VII. and therewith take 
out the annual or firft Equation for reducing the 
mean Syzygy to the true; taking care to make 
proportions in the Table for the odd minutes and 
ieconds of Anomaly, as the Table gives the Equa- 
tion only to whole degrees. OA 

Obferve, in this and every other cafe of finding 
Equations, that if the figns are at the head of the 
Table, their degrees are at the left hand, and are 
reckoned downwards; but if the figns are at the 
foot of the Table, their degrees are at the nght - 
hand, and are counted upward ; the Equation be- 
ing in the body of the Table, under or over the - 
fions, in a collateral line with the degrees.— The 
titles 4dd or Subtraé at the head or foot of the 
Tables where the figns are found, fhew whether 
the Equation is to be added to the mean time of | 
New or Full Moon, or to be fubtracted from it. — 
In this Table, the Equation is to be fubtracted, if 
the figns of the Sun’s Anomaly are found at the 
head of the Table; but it is to be added, if the 


,figns are at the foot. 


VII. With the figns and degrees of the Sun’s 
mean Anomaly, enter Table VIII. and take out - 
the Equation of the Moon’s mean Anomaly ; fub- 
, . he tract 


ee 
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Précepis relative to the preceding Tables, 
tract this Equation from her mean Anomaly, if the 
figns of the Sun’s Anomaly be at the head of the 
Table, but add it if they are at the foot ; the re- 
fult will be the Moon’s equated Anomaly, with 
which enter Table IX, and take out the fecond 


Equation for reducing the mean to the true time’ 


of New or Full Moon; adding this Equation, if 
the figns of the Moon’s Anomaly are at the head 


of the Table, but fubtraéting it if they are at the _ 


foot, and the refult will give you the mean time of 
the required New or Full Moon twice equated, 
which will be fufficiently near for common alma- 
nacks.—But when you want to calculate an Eclipfe, 
the following Equations muft be ufed: thus, 

VIE. Subtract the Moon’s equated Anomaly 
from the Sun’s mean Anomaly, and with the re- 
mainder in figns and degrees, enter Table X, and 
take out the third Equation, applying it to the 
former equated time, as the titles, Add or Subtraz, 
do direct. : 

TX. With the Sun’s mean diftance from the af- 
cending Node enter Table XI, and take out the 
Equation anfwering to that argument, adding it to, 
er fubtracting it from the former equated tiaie, as 


the titles direct, and the refult will give the time 
of New or Full Moon, agreeing with well-regn- - 
lated clocks or watches, very near the truth. But, 


to make it agree with the folar, or apparent time, 
apply the Equation of natural days, for in the 
Tables (from page 161 to page 173) as it is Leap- 
year, or the firft, fecond, or third after. © | 

The method of calculating the time of any New 
or Full Moon without the limits of the 18th cen- 
tury, will be fhewn further on. And a few Ex- 
amples compared with the Precepts, will make the 
whole work plain. | | — 

N. B. The Tables begin the day at rioon, and 
reckon forward from thence to the noon following, 
—Thus, March the 31ft, at 22 hazo min. 2 fec. of 
tabular time, is Apri 1ft (in common reckoning) at 
30 min. 25 fec, after 10 o’clock in the morning. 
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Jo calculate the true time of New or Full Moon in any given 


year and Month after the 18th century. 


Precept I. Find a year of the fame number in the 18th 
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Precepis and Examples 
Ill, Add all thefe together, and then work invall res 
{pects as above fhewn, only remember to fubtract a Luna- 
tion and its Anomalies, when the abovefaid addition carries 
the New Moon beyond the 31ft of March; as in the fol- 


lowing example. 
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) relative to the preceding Tables. 13 


limits of the 18th century, we had beit keep to 
the Old Stile, and at the end of the calculation 
reduce the time to the New. Thus, in the 22d 
century, there will be 14 days difference between 
the Stiles; and therefore, the true time of New 
Moon in this laft Example being reduced to the 
New Stile, will be the 22d of ‘uly, at 22 minutes 
§5 feconds paft VI in the evening. 


To calculate the true place of the Sun for any given 
_ moment of time. | 


Precept I. In Table XII. find the next leffer 
year in number to that in which the Sun’s place 
is fought, and write out his mean Longitude and 
Anomaly anfwering thereto: to which add his 
mean Motion and Anomaly for the compleat re- 
fidue of years, months, days, hours, minutes and 

_feconds, down to the given time, and this will be 
the Sun’s mean Place and Anomaly at that time, 
in the Old Stile, provided the faid time be in any 
year after the Chriftian zra. See the firft following 
Example. 


II. Enter Table XIIT with the Sun’s mean ano- 
maly, and making proportions for the odd minutes 
and feconds thereof, take out the Equation of the 
Sun’s center; which, being applied to his mean 
Place as the title ddd or Subiraé directs, will give 
his true Place or Longitude from the Vernal Equi- 
nox, at the time for which it was required, 


Mil. To calculate the Sun’s place for any time 
in a given year before the Chriftian era, take out 
his mean Longitude and Anomaly for the firft year 
thereof, and from thefe numbers, fubtract the mean 
Motions and Anomalies for the compleat hundreds 
or thoufands next above the given year; and, to 
the remainders, add thofe for the refidue of years, 
months, &c. and then work in all refpects as above, 


See the fecond Example following. 
EXAMPLE 


Examples from the preceding Tables. 
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Concerning Eclipfes of the Sun and Moen. 


So that in the meridian of London, the Sun was 
then juft entering the fign = Libra, and confe- 
quently was upon the point of the Autumnal 
Equinox. | 

If to. the above time of the Autumnal Equinox 
at London, we add 2 hours, 25 minutes 41 fe- 
conds for the longitude of Babylon, we thall 
have for the time of the fame Equinox, at that 
place, Ofober 23d, at 19 hours, 22 minutes At fe- 
conds; which in the common way of reckoning, 
is October 24th, at 22 minutes 41 feconds paft VII 
in the morning*, Ye 

And it appears by Example VI. that in the fame 
year, the true time of Full Moon at Babylon was 
Ofober 23d, at 42 minutes 46 feconds after VI in 


the morning 5 fo that the Autumnal Equinox was 


on the day next after the day of Full Moon.—The 


Dominica] letter for that year was G, and confe- 


quently the 24th of Offober was on a W ednefday. 


* The reafon why this calculation makes the Autumnal 
Equinox, in the year of the Fulian Period 706, to be two 
days fooner than the time of the fame Equinox mentioned in 
page 153 1s, that in shat page, only the mean time is taken 
into the account, as if there was no Equation of the Sun’s 
motion, 

The Equation at the Autumnal Equinox then, did not ex- 
ceed an hour and a quarter, when reduced to time.—But, in 
the year of Chrift 1756 (which was 5763 years after) the 
Equation at the Autumnal Equinox amounted to 1 day 22 
hours 24 minutes, by which quantity, the true time fell later 
than the mean.—So that, if we confider the zrue time of this 
Jaft-mentioned Equinox, only as mean time, the mean Motion 
of the Sun carried thence back. to the Autumnal Equinox ‘in 
the year of the Fulian Period 706, will fix it to the 2 sth of 


QOGober in that year. fi 
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Concerning Eclipfes of the Sun and Moon. 
To find the Sun’s diftance from the Moon’s afcending 


Node, at the time of any given New or Full Moen | 


and confequently, to know whether there is an Eclipfe 
at that time, or not. : | | 


The Sun’s diftance from the Moon’s afcending 
Node is the argument for finding the Moon’s 
fourth Equation in the Syzygies, and therefore it 
is taken into all the foregoing Examples in finding 
the times thereof.—Thus, at the time of mean 
New Moon in 4pril 1764, the Sun’s mean Diftance 
from the afcending Node, is 0° 5° 35% 2’. See Ex- 
ample. p. 306. ~~ ine 

The defcending Node is oppofite to the afcend- 
ing one, and they are juft fix Signs diftant from 
each other. 

_ When the Sun is within 17 degrees of either of 
the Nodes at the time of New Moon, he will be 
eclipfed at that time: and when he is within 12 
degrees of either of the Nodes at the time of Full 
Moon, the Moon will be then eclipfed —Thus we 
find, that there will be an Eclipfe of the Sun at the 
time of New Moon in 4pril 1764. . 

But the true time of that New Moon comes out 
by the Equations to be 50 minutes 46 feconds 
Jater than the mean Time thereof, by comparing 
thefe times in the above Example: and therefore, 
we muft add the Sun’s motion from the Node 
during that interval, to the above mean Diftance 
0° 5° 35 2°, which motion is found in Table XII. 
fot 50 minutes 46 feconds, to be 2’ 12”. And to 
this we muft apply the Equation of the Sun’s 
mean Diftance from the Node, in Table XV. found 
by the Sun’s anomaly, which, at the mean time 
of New Moon in Example J. is 9° 1° 26° 19%; 
and then we fhall have the Sun’s true Diftance 
from the Node, at the true time of New Moon, 
as follows : | ats 


At 
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Elements for Solar Eclipfes. 
Sun from Nodé 
A ? Ny M son af 
t the mean time pf New Moon.in 5 RVs 
VIL ZOrdeep reel Sie eae Gemeel Sey Ds, Se 
Sun’s motion from the i 50 minutes 2.10 
Node for — —l 46 feconds 2 


Sun’s mean Diftance from Node at bow 
true New Moon — . — -=§ 50.5 37,14 
Equation of mean Diftance from d 3 


Node, add)s a4) s-seb De 2th off 


Sun’s true Diftance from the af- us akg peace t 
cending Node —- — — t ‘ f #2 Hg 
Which, being far within the above limit of 1 4 

degrees, fhews that the Sun muft then be eclipfed. 
And now we fhall thew how to projeé this, of 

any other eclipfe, either of the Sun or Moon, 


To project an Eclipfe of the Sun.. 


In order to this, we muft find the ten following 
Elements, by means of the Tables. gy tee 

1. ‘The true time of conjuntion.of the Sun and 
Moon; and at that time, 2. The femidiameter of 
the Earth’s difc, as feen from the Moon, which is 
equal to the Moon’s horizontal parallax. 3. The 
Sun’s diftance from the folftitial Colure to which 
he is then neareft. 4.'The Sun’s declination. 5, 
The angle of the Moon’s vifible path with the 
Ecliptic. 6. The Moon’s latitude. 7. The Moon’s 
true horary motion from the Sun. 8. The Sun’s 
femidiameter. 9. The Moon’s. 10. The femi- 
diameter of the Penumbra. Ki eee ee 

We fhall now proceed to find thefe Elements 
for the Sun’s Eclipfe in April 1764. He 
_ Lo find the true time of New Moon. This, . by 
Example I. pag. 306, is found to be on the firft 
day of the faid month, at 30 minutes 25 feconds 
after X in the morning. Ba 2s sb 


Qi Té ‘ 


Elements for Solar Eclipfes. 


2. To find the Moon’s horizontal parallax, or femi- 
diameter of the Earth’s difc, as feen from the Moon. 
Enter Table XVII. with the fiens and degrees of 
the Moon’s anomaly (making proportions, becaufe 
the Anomaly is in the Table only to every 6th 
degree) and thereby take out the Moon’s horizon- 
tal parallax; which, for the above time, an{wering 
to the Anomaly 11° 9° 24° 21, is 54° 53”. 

3. To find the Sun’s diftance from the neareft Sol- 
Slice, viz. the beginning of Cancer, which is 3° or 90° 
from the beginning of Aries. It appears by the 
Example on page 314 (where the Sun’s place is 
calculated to the above time of New Moon) that 
the Sun’s longitude from the beginning of Aries 
is then 0° 12° 10°12”: that is, the Sun’s place at 
that time is y Aries, 12° 10° 12”. ; 

s oO wf 
Therefore from — — — — 3 00 0 
Subtract the Sun’s longitude or place o 12 10 12 


Sees eet 


Remains the Sun’s diftance ae: hi g 
bithipRolticeres si tH abt 17 494 
Or 77° 49 48°; each fign containing 30 degrees. 

4. To find the Sun’s declination. Enter Table 
XIV. with the figns and degrees of the Sun’s true 
place, viz. o° 1.2°, and making proportions for the 
10° 12°, take out the Sun’s declination an{wer- 
ing to his true place, and it will be found to be 
4°'4g' north. | ‘ | 

5. To find the Moon’s latitude. ‘Yhis depends on 
her diftance from her afcending Node, which is the 


fame as the Sun’s diftance from it at the time of : 


New Moon; and is thereby found in Table XVI. 
But we have already found, that the Sun’s equated 
diftance from the afcending Node, at the time of 
New Moon in 4pril 1764, is 0° 7° 42° 14%... See 
the preceding page. | 
Therefore, enter Table XVI. with o figns at the 
top, and 7 and 8 degrees at the left hand, and. 
take out 36°-and 39, the latitude for 7°; and 
* 4 
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The Delineation of Solar Eclipfes. 
AY 51", the latitude for 8°: and by making pros 
portions between thefe latitudes for the 42° 14°, 
by which the Moon’s diftance from the Node ex- 


ceeds 7 degrees; her true Latitude will be found © 


to be 40° 18” north afcending. , 
6. Zo find the Moon’s true horary motion from the 
Sun. With the Moon’s anomaly, viz. 11° 9° 24° 


a1, enter Table XVII. and take out the Moon’s 


horary motion; which, by making proportions in 


that Table, will be found to be 30 22°. Then, 
with the Sun’s anomaly, 9° 1° 26’ 19%, take out: 


his horary motion 2’ 28” from the fame Table : 
and fubtracting the latter from the former, there 
will remain 27’ 54° for the Moon’s true horary 
motion from the Sun. Hi a 

7. To find the angle of the Moon's vifible path 
with the Ecliptic. ‘This, in the projection of Eclip- 
fes, may be always rated at 5° 35, without any 
fenfible error. 

8,9. To find the femidiameters of the Sun and 
Moon. Thefe are found in the fame Table, and 


_ by the fame Arguments, as their horary Motions. 


—In the prefent cafe, the Sun’s anomaly gives his 
femidiameter 16’ 6”, and the Moon’s anomaly gives 
her femidiameter 14° 57”. : 

10. Lo find the femidiameter of the Penumbra. Add 
the Moon’s femidiameter to the Sun’s, and their 


fum will be the femidiameter of the Penumbra, 


WIZ. 37 9%, 
Now collect thefe Elements, that they may be 
found the more readily when they are wanted in 


_ the conftrudtion of this Eclipfe. 


1. True time of New Moon gif! : 
April, 1764 I 10 Bolag. 
€ , 6. Vas 
2. Semidiameter of the Earth’s difc O 54 53 
3. Sun’s diftance'from the neareft Solft, 77 49 48 
4+ Sun’s declination, north vie 
5. Moon’s latitude, north afcending — 0 40 18 
: ? 6. Moon’s 


~ 


\ 6.0 5,0 4,0 3,0 2\0 
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The Delineation of Solar Eclipfes. 
6. Moon’s horary motion from theSun 0 27 54 
7, Angle of the Moon’s wie? 


path with the Ecliptic = — 5539.i0 

8. Sun’s femidiameter Fie e 16. 6 
g. Moon’s femidiameter 14 57 
10. Semidiameter of the Penumbra Sar Dy 


To project an Edlipf of the Sun geometrically. 


Make a {cale of any convenient length, as 4C, PLAT :s 


and divide it into as many equal parts as the Earth’s , 
~ femi-difc contains minutes of a degree; which, at 
the time of the Eclipfe in April 1764, iSigal ie oes 


Then, with the whole length of the fcale as a ~ 


radius, defcribe the femicircle 41ZB upon the cen- 
ter C;. which femicircle fhall reprefent the northern 
half of the Earth’s enlightenedzdifc, as feen from 
_ the Sun. ' 

Upon the center C raife the ftraight line CH, 
perpendicular to the diameter 4CB; fo ACB thall 
. bea part of the Ecliptic, and CH its Axis. 


Being provided with a good fector, open it to. 


the Pdi CA in the line ‘of chords ; and taking 
from thence the chord of 233 degrees in your 
compafies, fet it off both ways from H, to g and to 
h, in the periphery of the femi-difc; and draw the 
ftraight line g V4, in which the North Pole of the 
_ Dife will be always found. | 


g. 4, 


When. the Sun is in Aries, Taurus, Gemini, ~ 


Cancer, Leo, and Virgo, the North Pole of the 
Farth is enlightened by the Sun: but whilft the 
Sun is in the other fix Signs, the South,Pole is en- 
lightened, and the North Pole is in the dark, 


And when the Sun is in Capricorn, Aquarius, - 


Pifces, Aries, Taurus, and Gemini, the northern 
half of the Earth’s axis C XII P lies to the right 
hand of the Axis of the Ecliptic, as feen from the 
Sun’; and to the left hand, whilft the Sun is in the 
_ other fix Signs. : 

| 3 Mex rp en { Open 


salts 
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The Delineation of Solar Eclipfes.. 
Open the feétor till the radius (or diftance of the 


two go’s) of the fines, be» equal to the length of ~ 


Vb, and take the fine of the, Sun’s diftance from 


the Solftice (77° 49° 48”) as nearly as you cam : 


euefs, in your compafles, from the line of fines, 


and fet off that diftance from, VY to. P in the line- 


gV hb, becaufe the Earth’s axis hes to the right 
hand of the Axis of the-E.cliptic in this cafe, the 
Sun being in Aries; and draw the ftraight line 


=: - CXIP for the Earth’s axis, of which P is the 
- North Pole. If the Earth’s axis had lain to the: 
left hand. from the axis of the Ecliptic, the diftance - 


V. P would have been fet. off from V towards g. 
To draw the Parallel of Latitude of any given 


place, as fuppofe London, or the path of that place 


on the Earth’s enlightened difc as feen from the 
Sun, from Sun-rife till Sun-fet, take the following 
method. 

. Subtract the Latitude of Landon, 52° from 90°, 
and the remainder 38°2 will be the co-latitude, 


which take in your compafles from. the line of 


chords, making C 4 or CB the radius, and fet it 
from 4 (where the Earth’s: axis meets) the Peri- 
phery of the Difc) to Vi and VI, and draw the 
eccult or dotted line Vil K VI. Then, from the 
points where this line meets the Earth’s difc, fet 
off the chord of the Sun’s: declination 4° 49° to- 
Dand F, and to £ and G, and connect thefe points 
by the two occult lines F. XII G and DL EZ. 

Bifect L K XI in K, and through, the point K 


draw the black line VI-K VI. Then making C Be 


the radius of a line of fines.on the fector, take the — 
co-latitude of Loudon 38°+ from: the fines in your! 


compafies, and fet it both ways from: K, to Viand 
ViI.—Thefe hours will be juft in the.edge of the’ 
Difc at the Equinoxes, but at no other time in the 
whole year. - bousoacy | 


With the extent K VI taken into your comic 
paffés, fet one foot in K (in the black line below: 


the occult one) as a center, and with the other foot 


delcribe 
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difcribe the femicircle VI 78 9 10, &c. and divide 
it into 12 equal parts. Then, from thefe points. of 
divifion, draw the occtilt lines 7 p, 8 0, gm, &c. 
parallel to the Earth’s axisC XIPP. 

With the fmallextent K X11 as a radius, defcribe 
the quadrantal Arc XII f, and divide it into fix 
equal parts, as XIla,ab; dc, cd; de, andvefy 
and through the divifion-points a, d, ¢,.d, e draw 
the occult lines Vile V, VIIdZIV, 1X c Il, XO; 
and XI a1; all parallel to VI K VJ, and meeting 
the former occult lines 7p, 8 0, &c. in the points 
VII VIII IX X XI, VAV OIE I and I: which 
points fhall mark the feveral fituations of London 
on the Earth’s difc, at thefe hours refpectively; 
as feen from the Sun; and the elliptic Curve 
VI VIL VII, &c. being drawn through: thefé 
points, fhall reprefent the parallel of latitude, oF 
path of London on the Difc, as feen from the Sun, 
from it’s rifing to it’s fetting: | 

N. B. If the Sun’s declination had been fouth, 
the diurnal path of London would have been on the 
upper fide of the line VI. K VI, and would have 
touched the line DZ # in L.—It is requifite to 
divide the horary {paces into: quarters (as fome are 
in the figure) and, if poffible, into minutes alfo. 

Make C B the radius of a line of chords on the 
fector, and taking therefrom the chord of 5° 35°, 
the angle of the Moon’s vifible path with the Eclip- 
tic, fet it off from H to M onthe left hand of C H, 
the Axis of the Ecliptic, becaufe:the Moon’s lati- 
tude is north afcending: .Then draw C M for the. 
Axis of the Moon’s orbit, and bifect the angle 
MCH by the right-line Cz.—Uf the Moon’s lati- 
tude had been north defcending, the Axis of her 
Orbit would:have been‘on the right hand from the 
Axis of the Ecliptic+——N. Bs The Axis of the 
Moon’s orbit lies the fame way when her Latitude: 
is fouth afcending, as whem ir is*north afcending. 
and the fame way when fouth defcending, as when 
forth defcending. . heen 
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Take the Moon’s latitude 40° 18” from the feale 


€ Ain your compafles, and fet it from 7 to x in the 


bifecting line Cz, making 7 parallelto Cy: and 
through x, at right-angles to the Axis of the 
Moon’s orbit CM, draw the ftraight line NwxyS 
for the path of the Penumbra’s center over the 
Farth’s difc.—The point w, in the Axis of the 
Moon’s orbit, is that where the Penumbra’s center 
approaches neareft to the center of the Earth’s 
difc, and confequently is the middle of the general 


-Eclipfe: the point » is that where the conjunction 


of the Sun and Moon falls, according to equat 
time by the Tables; and the point y is the eclip- 
tical conjunction of the Sun and Moon. 3 
Take the Moon’s true horary motion from the 
Sun, 27° 54°, in your compafles, from the fcale 
CA (every divifion of which is a minute of a de- 
gree) and with that extent make marks along the 
path of the Penumbra’s center ; and divide each 
{pace, from mark to mark, into 60 equal parts or 
horary minutes, by dots; and fet the hours to every 
6oth minute in fuch a manner, that the dot figni- 
fying the inftant of New Moon by the Tables, 
may fall into the point x, half way between the 
Axis of the Moon’s orbit, and the Axis of the 
Ecliptic ; and then, the reft of the dots will thew 
the points of the Earth’s difc, where the Penum- 
bra’s center is at the inftants denoted by them, in 

it’s ‘Tranfit over the Earth. | 
Apply one fide of a fquare to the line of the 
Penumbra’s path, and move the fquare backwards 
and forwards, until the other fide of it cuts the 
fame hour and minute (as at m and m) both in the 
path of London, and in the path of the Penumbra’s _ 
center: and the particular minute or inftant which 
the fquare cuts at the fame time in both paths, 
thall be the inftant of the vifible conjunétion of the 
Sun and Moon, or greateft obfcuration of the Sun, 
at the place for which’ the conftruétion is made, 
namely, London, in the prefeat example; and this. 
. 5. | inftant 
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inftant is at 47% minutes paft X‘o’clock in the 
morning; whichis 17 minutes 5 feconds later than 
the tabular time of true conjunction. 

Take the Sun’s femidiameter, 16° 6’, in your 
compafies, from the fcale C 4, and fetting one foot 
in the path of London at m, namely, at 474 minutes 
paft X, with the other foot defcribe the circle UY, 
which fhall reprefent the Sun’s difc as feen from 
London at the greateft obfcuration.—T hen take the 
Moon’s femidiameter, 14° 57”, in your compaffes 
from the fame fcale; and fetting one foot in the 
path of the Penumbra’s center at m, in the 472 
minute after X ; with the other foot defcribe the 
circle J Y for the Moon’s difc, as feen from London, 
at the time when the Eclipfe is at the greateft ; 
and the portion of the Sun’s‘dife which is hid or 
cut off by the Moon’s, will fhew the quantity of 
the Fclipfe at that time; which quantity may be 
meafured on a line equal to the Sun’s diameter, 
and divided into twelve equal parts for digits. 

Laftly, take the femidiameter of the Penumbra, 
31° 9”, from the fcale C_4 in your compaffes ; and 
fetting one foot in the line of the Penumbra’s cen- 
tral path, on the left hand from the Axis of the 
Ecliptic, direct the other foot toward the path of 
London; and carry that extent backwards and for- 
wards, till both the points of the compaffes fall 
into the fame inftants in both the parhs : and thefe 
inftants will denote the time when the Eclipfe be- 
gins at London.—Then, do the like on the right 
hand of the Axis of the Ecliptic; and where the 
points of the compaffes fall into the fame inftants 
in both the paths, they will fhew at what time the 
Eclipfe ends at London. 

Thefe trials give 20 minutes after IX in the 
morning for the beginning of the Eclipfe at London, 
at the points N and O; 47+ minutes after X, at 
the points m and 2, for the time of greateft obfcu- 
ration ; and 18 minutes after XII, at R and S, for 

3 the 


t6 


thefe Tables, or Mr, Flamyteed’s, or Dr, Halley’s make 
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the time.when the.Fclipfe ends; according ta 
mean or equal time. | nails: 
From thefe times we. muff fubtract the equation 
of natural days, viz. .3 minutes 48 feconds, in Leap- 
year April 1, and we fhall have the apparent times g 
namely, 1X hours 16, minutes 12 feconds.for the 
beginning of the Eclipfe, X hours 43 minutes 42 
feconds for the time of, greateft obfcuration, and 
XIL.hours 14 minutes 12 feconds for the time 
when the Eclipfe ends.—But the beft way is to 
apply this Equation to the true equal time of New 
Moon, before the projection be begun; as is done 
in Example I. For .the motion or pofition of 


‘places on the Earth’s difc anfwer to apparent or 
jolar time. | 


‘ 


In this conftruétion it is fuppofed, that the angle 
under which the Moon’s. difc is feen, during the 
whole time of the Eclipfe, continues invariably the 
fame ; and that the Moon’s motion is uniform and 
rectilineal during that time.——But thefe fuppofitions 
do not exactly agree with the truth; and therefore, 


fuppofing the Elements given by the Tables to be. 
accurate, yet the times and phafes of the Eclipfe, © 


deduced from its conftruction, will not anfwer to 


‘exactly to what paffeth in. the Heavens; but may 
be at leaft two or three minutes wrong, though 


done with the greateft care.—-Moreover, the paths 
of all places of confiderable latitudes are nearer the 
center of the Earth’s dife, as feen from the Sun, 
than thofe conftru¢tions make them; becaufe the 
Difc.is, projected as if the Earth were a perfect 
iphere, although it is known to be a fpheriod. 
Confequently, the Moon’s fhadow will go farther 
northward in all places of northern latitude, and 
farther fonthward inal places of fouthern latitude, 
than it is fhewn to do.in thefe projections. —Ac- 


cording to Meyer’s ‘Tables, this Eclipfe will be 


about a quarter of an. hour fooner than. either 


It: 


a 
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jt: and will not be annular at London. But M. 


De Ja Caille’s make it almoft central. 
The projettion of Lunar Eclipfes. 


When the Moon is within 12 degrees of either 
of her Nodes; at the time when fhe 1s full, fhe will 
be eclipfed, otherwife not. _ 

We find by Example II, page 307, that at the 
time of mean Full] Moon in A/ay 1762, the Sun’s 
idiftance from the afcending Node was only 4° 49’ 
“353 and the Moon being then oppofite to the 

Sun, muft have been just as near her defcending 
Node, and was therefore eclipfed. | 

The elements for conftructing an Eclipfe of the 
* Moon, ate eight in number, as follow : 

1. The true time of Full Moon: and at that 
time, 2. The Moon’s horizontal parallax, 3. The 


Sun’s femidiameter. 4. The Moon’s. 5. The 


feridiameter of the Earth’s fhadow at the Moon. 
6. The Moon’s latitude. 7. The angle of the 
Moon’s vifible path with the Ecliptic. 8. The 
Moon’s true horary motion from the Sun.— 
Therefore, 

1. To find the true time of Full Moon. Work as 
already taught in the Precepts—T hus we have the 
irtie time of Full Moon in May 1762 (See Exam- 
ple Il: page 307) on the 8th day, at 50° minutes 
60 feconds pat lI o’clock in the morning. 

2. To find the Moon's hovizontal parallax. Enter 
Table XVII. with the Moon’s mean Anomaly (at 
the above full) 9° 2° 42° 42”, and thereby take out 
her horizontal Parallax ; which, by making the re- 
quifite proportions, will be found to be 57° 23° 

3, 4. To find the femidiameters of the Sun and 
Moon. Enter Table XVII. with their refpective 
Anomalies, the Sun’s being 10° 7° 27° 45° (by the 
above Example) and the Moon’s 9° 2° 42’ 42° ; 
and thereby take out théir refpective femidiame- 
ters: the Sun’s 15 56% andthe Moon’s 15° 38°. 

| Y 4 ee 
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5. To find the femidiameter of the Earth’s foadow — 
at the Moon. _ Add the Sun’s horizontal parallax, — 
which is always 10°, to the Moon’s, which in the 
prefent cafe is 57 23”, -the fum will be 57° 33%, 
from which fubtract the Sun’s femidiameter 15° 56”, 
and there will remain 41° 37” for the femidiameter 
of that part of the Earth’s fhadow which the Moon 
then paffes through. | cee 
6. To find the Moon’s latitude. Find. the Sun’s 
true diftance from the afcending Node (as already 
taught in page 317) at the true time of Full Moon; 
and this diftance increafed by fix figns, will be the 
Moon’s true diftance from the fame Node; and 
confequently the argument for finding her true la- 
titude, as fhewn in page 319. : 
Thus, in Example LI. the Sun’s mean. diftance 
from the afcending Node was 0° 4° 49’ 35%, at the 
time of mean Full Moon: but it appears by the 
Example, that the true time thereof was 6 hours 33 
minutes 38 feconds fooner than the mean time, and 
therefore we muft fubtraét the Sun’s motion from 
the Node (found in Table XII. page 298) during 
this interval, from the above mean diftance, 0° 4° 
49 35 ,in order to have his mean diftance from it 
at the true time of Full Moon.—Then te this apply 
the Equation of his mean diftance from the Node, 
found in Table XV. by his mean Anomaly 10° 79 
27°45 3; and laftly add fix figns: fo fhall the 
Moon’s true diftance from the afcending Node be — 
found as follows : 
o ? uv 


S 
Sun from Node at meanFullMoon 0 4 49 35 


6 hours 15 on 
His motion from it in 33 minutes I 26 
38 feconds 2 

Sum, fubtract from the uppermoft line eR 17 2 


Remains his mean Diftance at true | 
Full Moon. —- —.-— —J © 4 3% 32 
Equation 
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Equation of his mean Diftance, add 1 38 oO 
Sun’s true Diftance from the Node Oo 6.10 32 
To which add.’ 5 gelvormn ns] 6: O.8%@ .30 
‘And the fum will be. Beep De ie Ree: 


Which is the Moon’s true diftance from her afcend- 
ing Node, at the true time of her being Full; and 
confequently the Argument for finding her true 
‘Latitude at that time.—Therefore, with this argu- 
ment, enter Table XVI. making proportions be- 
tween the latitudes belonging to the 6th and 7th 
deeree of the argument at the left hand (the figns 
being at the top) for the 10° 32", and it will give 
32’ 21” for the Moon’s true latitude, which ap- 
pears by the Table to be fouth defcending. 

7. To find the angle of the Moon's vifible path with 
the Ecliptic. ‘This may be fated at 5° 3 5, with- 
out any error of confequence in the projection of 
the Eclipfe. | | : 

8. Lo find the Moon's true borary motion from the 
Sun, With their refpective Anomalies take out 
' their horary motions from Table XVII. in page 
302 ; and the Sun’s horary motion fubtracted trom 
the Moon’s, leaves remaining the Moon’s true 
horary .motion from the Sun: in the prefent 
ete 80 52. ay | 


Now collect thefe Elements together for ufe. 


ay. ; D.H.M. S. 
1. True time of Full Moon in 
May, 1762 unt WhO 
. Qs Bas 
2. Moon’s horizontal Parallax Orig 783 
3. Sun’s femidiameter Oo 15 56 
4. Moon’s femidiameter 0 15 38 
5. Semidiameter of the Earth’s fhadow i Boe 
at the Moon | ania 


6. Moon’s 


379 


83° 


* PLATE — 


rate 


fig. II. 


latitude, 


north defcending ; but contrary in both cafes, if 
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6. Moon’s true latitude, Southdefcending 0 32 21 


7. Angle of her vifible path with the the 
Beliptic Seria ere 
8. Fler true horary motion from the Sun 0 30 52 


Thefe Elements being found for the conftruc- 


tion of the Moon’s Eclipfe in May, 1762, proceed 
as follows: i. 
Male a fcale of any convenient length, as WX, 


and divide it into 60 equal parts, each part ftand- 


ing for a minute ef a degree. 

Draw the right line 4CB (Fig. 3.) for part of 
the Ecliptic, and C D perpendicular thereto for the 
fouthern part of it’s Axis ; the Moon having fouth 

~ Add the femidiameters of the Moon and Earth’s 
Shadow together, which, ‘in this Eclipfe, will make 
57 15°; and take this from the {cale in your com- 
pafles, and fetting one foot in the point Cas 3 


center, with the other foot defcribe the femicircle 
ADB; in one point of which the Moon’s center 


will be at the beginning of the Ecliple, and.in ano- 
ther at the end thereof. , 

Take the femidiameter of the Earth’s fhadow, 
41" 37°, in your compafies from the fcale, and fet- 
ting one foot in the center C, with the other foot 
deicribe the femicircle K ZL M for the fouthern half 
of the Earth’s fhadow, becaufe the Moon’s latitude 
18 fouth in this Eclipfe. 


Make CD equal to the radius of a line of chords: 


on the fector, and fet off the angele of the Moon’s 


wifible path with the Ecliptic, 5° 35’, from D to 


ffand draw the right line CFE for the fouthern 
halt of the Axis of the Moon’s Orbit, lying to the 
sight hand from the: Axis of the Ecliptic C D, be- 
caufe the Moon’s latitude is fouth defcending.— 
dt would have been the fame way (on the other 
fide of the Echptic) if her Latitude had been 


her 


a — 
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her Latitude had been either north afcending or 
fouth afcending. i | 

Bife& the angle DCE by the right line Cg; in 
which line, the true equal time.of oppofition of the 
Sun and Moon falls, as given by the Tables. 

Take the Moon’s latitude, 32° 21”, from the 
{cale with your compafies, and fet it from C to G, 
in the line CG g; and through the point G, at right 
angles to C FE, draw the right line PHG FN for 
the path of the Moon’s center.—-Lhen, F fhall be 
the point in the Earth’s fhadow, where the Moon’s 
center is at the middle of the Eclipfe; G, the point 
where her center is at the tabular time of her be- 
ing full; and H, the point where her center is at 
the inftant of her ecliptical oppofition. aN 

Take the Moon’s horary motion from the Sun, 
30°52”, in your compafies from the {cale; and 
with that extent make marks along the line of the 
Moon’s path PG N: then divide each {pace from 
mark to mark, into 60 equal parts, or horary mi- 
nutes, and fet the hours to the proper dots in fuch 
a manner, that the dot fignifying the inflant of 
Full Moon (viz. 50 minutes 50 feconds after ILL 
in the morning) may be in the point G, where the 
line of the Moon’s path cuts the line that bifects: 
the angle DC E. Ay 

. Take the Moon’s femidiameter, 1 5 38”, in your 
compafles from the fcale, and with that extent, as 
a radius, upon the points NV, #, and P, as centers, 
defcribe the circle 9, for the Moon. at the begin- 
ning of the Eclipfe, when (he touches the Earth’s 
fhadow at V; the circle R for the Moon at the 

middle of the Eclipfe; and the circle § for the 

Moon at the end of the Eclipie, juft leaving the 
Earth’s fhadow at 7. | ; ' 

-. The point N denotes the inftant when the Eclipfe 
begins, namely, at 15 minutes 10 feconds after II 
in the morning: the point F’ the middle of the 
Eclipfe at 47 minutes 45 feconds paft Il; and 
the point P the end of the Eclipie, at 18 ea 
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An antient Eclipfe of the Moon deferibed. 


after V.—At the greateft obfcuration the Moon is 
10 digits eclipfed. = == | | faisel 


Concerning an antient Eclipfe of the Moon. 


[tis recorded by Ptolemy, from Eipparchus, that 
onthe 22d of September, the year 201 before the 
firft year of Chrift, the Moon rofe fo much eclipfed 
at Alexandria, that the Eclipfe muft have begun 
about half an hour. before the rofe. se 24 

Mr. Carey puts down this Eclipfe in: his Chro- 
nology as follows, among feveral other antient ones, 
recorded by different authors, ~ r 


Tul. Per. | Ecl. @ Per. Calip.2, Ai. 54. Hor. 4, Nabonaffar 
4513 P.M. Alexandr. Dig. ecl. 30. 547 
Sept. 22. [Ptolem. 1, 4. c. 11.) Mefor. 16. 


That is, in the 4513th year of the Yulian period, 
which was the 547th year from Nabonaffar, and the 
54th year of the fecond Calippic period, on the 16th 
day of the month Meéfori (which anfwers to the 
22d of September) the Moon was 10 digits eclipfed 
at Alexandria, at 7 o’clock in the eveniipee es 

Now, as our Saviour was born (according to the 
Dionyfian, or vulgar Bra of his birth) in the 471 3th 
year of the Fulian period, it is plain that the 451 3th 
year of that period was the 2ooth year before the 
year of Chrift’s birth; and confequently 201 years 
before the year of Chrift 1. | 

And, in the year 201, on the 22d of September, 
it appears by Example V. (page 310) that the 
Moon was full at 26 minutes 28 feconds paft VII 
in the evening, in the meridian of Alexandria. 

At that Time, the Sun’s place was Virgo 262 | 
14’, according to our Tables; fo that the Sun was 
then within 4 decrees of the Autumnal Equinox : 
and according to calculation, he muft have fet at 
Alexandria about 5 minutes after VI, and about 
one degree north of the weft. oh 

: Phe 


An antient E:clipfe of the Moon defcribed. 


The Moon being full at that time, would have 
rifen juft at Sunfet, about one degree fouth of the 
eaft, if fhe had been in either of her Nodes, and 
her vifible place not depreffed by Parallax. 

But her parallactic depreffion (as appears from 
her Anomaly, viz. 10° 6° nearly) muft have been 
55 17; which exceeded her whole diameter by 
24° 53”; but then, fhe muft have been elevated 


33 45° by refraction; which fubtra¢ted from her _ 


Parallax, leaves 21’ 32” for her vifible or apparent 
depreffion. 

And her true latitude was 30°% north defcend- 
ing, which being contrary to her apparent depref- 
fion, and greater than the fame by 8° 58”, her true 
time of rifing muft have been juft about VI 
o'clock. 

Now, as the Moon rofe about one degree fouth 
of the Eaft at Alexandria, where the vifible Hori- 
zon is land, and not fea, we can hardly imagine 
her to have been lefs than 15° or 20 minutes of 
time above the true Horizon before fhe was vifible. 

It appears by Fig. 4, which is a delineation of 
this Eclipfe reduced to the time at Alexandria, that 
the Eclipfe began at 53 minutes after V in the 
evening ; and confequently 7 minutes before the 


Moon was in the true Horizon: to which, if: we, — 


add 20 minutes for the interval between her true 
rifing and her being vifible, we fhall have 27 mi- 
nutes for the time that the Eclipfe was begun 
before the Moon was vifibly rifen.—The middle 
of this Eclipfe was at 30 minutes paft VII, when 
it’s quantity was almoft 10 digits, and it’s ending 
was at 6-minutes paft IX in the evening.—So that 
our Tables come as near to the recorded time of 
this Eclipfe as can be expected, after an elapfe of 
1960 years.. te 
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434 . Of the fixed Stars. 


‘CFR POO 
Of the fixed Stars: 


Why the 354.7 PSHE Stars: are faid to. be fixed, becaufé 
Bes Str : they have been generally obferved to 
Seen keep at the fame diftances from’ each other: thei# 
werd, apparent diurnal revolutions being caufed folely by 
than when the Earth’s turning on it’s Axis. They appear of 
tietere, ' a fenfible magnitude to the bare eye, becaufe' the 
' rétina is affected not orfly by the: rays ‘of licht 
which are emitted directly from them, but. by 
many thoufands more, which falling upon our eye- 
lids, and upon the zeriab particles about us, are re- 
flected into our eyes fo ftrongly, as to excite vie 
brations not. only in thofe points of the retina where 
the real images of the/Stars are formed, but alfo 
in other points at fome diftance round about, This 
makes us imagine the Stars to be much bigger 
than they would appear, if we faw them‘only by 
the few rays which come direétly from’ them; fo 
as to enter our eyes without being intermixed 
with others. Any one! may be fenfible‘of this, by’ 
looking at a Starof the firft magnitude through a 
long narrow. tube; which, though it takes ‘in as. 
much of the’ fiky as*would hold a thoufand fuck 
Stars, it fearce renders that one vifible. tte 
The more a telefcope magnifies, the lefs is the! 
aperture through which the Star is feen ; and’ cons 
fequently the fewer rays it admits into: the eye? 
A proof that Now. fince the Stars appear lefs in a'telefcope which: 
byther magnifies 200 times than they do to the bare’ eyes 
ownlight. infomuch that they feem to be only indivifible 
points, it proves. at once that the Stars are at im-" 

_ mente diftances from us, and that they thine by 
their own proper light. If they fhone by bor- 
rowed light, they would be as invifible without 
telefcopes as the Satellites of Jupiter are: for thefe 
Satellites 
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Satellites appear bigger when viewed with a good, 
telefcope than the largedft fixed Stars do. 

355. The number of Stars difcoverable, in ei- 
ther Hemifphere, by the naked eye, is not above 
a thouland. This at firft may appear incredible, 
becaufe they feem to be without number : But the Their num= 
deception arifes from our looking confufedly upon; 3°", 
them, without reducing them into any order... For generally 
look but ftedfaftly upon a pretty large portion of ™*"** 
the fky, and count the number of Stars in it, and 
y.ou will be furprifed to find them fo few. And, if 
one confiders how feldom the Moon meets with 
any Stars in her way, although there are as many 
about her Path as in other parts of the Heavens, 
he will foon be convinced that the Stars are much 
thinner fown than he was aware of. The Briti/> 
catalogue, which, befides the. Stars vilible to the 
bare. eye, includes a great number which cannoe 
be feen without the afliftance of a telefcope, con- 
tains no more than. 3000, in both Hemufpheres. 

256. As we have incomparably more light from The abfus- 
the Moon than from all the Stars together, it is ‘ty of fe- 
the greateft abfurdity to imagine that the Stars,Srars were 
were made for no. other purpofe than to caft a faint si Haag 
light upon the Earth: efpecially fince many more on usinthe 
require the affiftance of a good telefcope: to find ™"" 
them out, than are vifible without that inftrument. 
Our Sun is furrounded by a fyftem' of Planets and 
Comets; all which would be invifible from the 
neareft fixed Siar.. And. from. what we already 
know of the immenfe diftance of the Stars, the 
neareft may be, computed at 32,000,000,000,900 
of miles from us, which is:further than a cannon~ 
bullet would fly-in7,000,000,0f years. Hence it 
is eafy to prove, that the Sun, feen. from fuch. a, 
diftance, would appear no, bigger. than: a Star, of 
the firft magnitude... From allthis. it. is highly; 
probable that. each.Star.is,:a,.Sun.to a fyftem, of, 
worlds. moving round it, though unfeen-by us 3; 
“elpecially, as the doctrine of purality of worlds 1s 
rational, 
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‘rational, and greatly manifefts the Power, Wifdom, 
and Goodnefs of the great Creator. i ses a 
wheraif. 357+ Lhe Stars, on account of their apparently 


ferent mag- various magnitudes, have been diftributed ‘ ifto 
nitudess  faveral claffles or orders. Thofe which appear 
| largeft, are called Stars of the Jirft magnitude, the 
next to them in luftre, Stars of the fecond magnitude ; 
and fo'on to the fixth, which are the fmalleft that 
that are vifible to the bare eye. This diftribution 
having been made long before the invention of tele- 
{copes, the Stars which cannot be feen without the 
affiftance of thefe inftruments, are diftinguifhed by 
the name of Telefcopic Stars. 

Anddivifon 358. The antients divided the ftarry Sphere into 
into Con- particular Conftellations, or Syftems of Stars, ac- 
~~ cording as they lay near one another, {fo as to oc- 
cupy thofe fpaces which the figures of different 
forts of animals or things would take up, if they 
were there delineated. And thofe Stars which 
could not be brought into any particular Conftel- 

lation, were called unformed Siars. re 
Thevfeof 359. This divifion of the Stars into different 
taisdwwifion. Conftellations or Afterifms, ferves to diftinguifh 
them from one another, fo that any particular Star 
may be readily found in the Heavens by means of 
a Celeftial ‘Globe; on which the Conftellations are 
fo delineatéd 4s 16 ‘put. the moft rémarkable Stars 
into fuch, patts of the figures as are moft eafily di- 
ftinguithed. | ‘The humber of the antient Conttel- 
lations is.48, and upon our prefent Globes about 
70. On'Senéx’s Globes, Bayér’s Letters are infert- 


ed; thé firft.in the Greek Alphabet being put to 


Cots 
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the biggelt ‘Star. in each Conttellation, the fecond 
to the next, and fo on; by which means, every Star 
is as eafily found as if, a name were given to it. 
Thus, if the Star y in the Conftellation of the Ram . 
be mentioned, every Aftronomer knows as well 
what Star is meant as if it were pointed out to him 
in the Heavens. ‘ ot: abrow 

360. There 
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360, There is alfo acdivifion of the Heavens the Zodiac. 
into three parts. 1. The Zodiac (gwdiaxG) trom 
€idsov Zodion an Animal, becaufe moft of the Con- 
{tellatiofis in it, which are twelve in number, are 

the fieures of Animals: as dries the Ram, Taurus 

the Bull, Gemini the Twins, Cancer the Crab, Leo 

the Lion, Virgo the Virgin, Libra the Balance, 
Scorpio the Scorpion, Sagittarius the Archer, Capri- 
cornus the Goat, Aquarius the Water-bearer, and 
Pifces the Fifhes. ‘The Zodiac goes quite round 

the Heavens: it is about 16 degrees broad, fo 

that it takes in the Orbits of all the Planets, and 
likewife the Orbit of the Moon. Along the mid- 

die of this Zone or Belt is the Ecliptic, or Circle 
which the Earth defcribes annually as feen from 

the Sun; and which the Sun appears to defcribe 

as feen from the Earth. 2. All that Region of 
the Heavens, which is on the north fide of the Zo-. 

diac, contains 21 Conftellations. And 3. That 
on the fouth fide, 15. | 
361. The antients divided the Zodiac into the The man- 

above 12 Conftellations.or Signs in the following say ae 
manner.. They took a veffel with a {mall hole in anticats, 
in the bottom, and having filled it with water, fuf- 

fered the fame to diftil drop by drop into another 
veffel fet beneath to receive it; beginning at the 
moment when fome Star rofe, and continuing until 

it rofe the next following night. The water fallen 
down into the receiver they divided into: twelve 
equal parts; and having*two other fmall veffels’in 
readinefs, each of them ft to contain one part, they 
~ again poured all the water into the upper veffel, 
and obferving the rifing of fome Star in the Zodiac, 
they.at the fame time. fuffered the water to drop 

into one of the {mall veflels ; and as foon as it was 
full, they fhifted it, and fet an empty Oné in it’s 
place. When each veffel was full, they took no- 

tice what Star of the Zedrac rofe ; and though this 
could not be done in one night, yet in many, they 
; Boman 4 : Z oblerved 
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obferved the rifing of twelve Stars or points;,’ es whi 

they divided the Lodiac,| into. tatelye PAB. eneg Sead? eg 
t 

362. The names: af the. Gorttalda iene, and pape 

of Stars -obferved in-each of: them is difftreot Aftrono-, 
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1 'Prolemy. Tycho. Hevelius, F'lam/t. 
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” Hevelius’ ‘3- Chinellations made out of the unformed Stars. 


e1gS .*! mG | Hevelius, © Flamfieed. 
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°36gui There. isa sr asariealie’ ae round, the The Milly 
Heayenis,: calied ithe! Milky Way frony ‘it’s peculiar 7” 
whitenefs, which was formerly thought,to. be ow- 
ing td a: watt: nomber of very. {mall Stars therein : 
but the teleicope fhewsiitrto be quite otherwife ; 


: 
AY »% 
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i and: tiereforc.| it’s whitenefs. mutt be owing to fine 
other 
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other caufe. This track appears fingle in foie 
parts, in others double... 

LucidSpots. 364. There are feveral little whitith focthe in 1 the’ 
Heavens, which appear magnified, and more lumi- 
nous when feen through telefcopes, yet without: 
any Stars in them. One of thefe is in Andromeda’s 
girdle, and was firft obferved 4. D. 16125 by Simon 
Marius : it has fome whitifh rays near it’s middle, 
is liable to feveral changes, and is fometimes invi- 
fible. Another. is near the Ecliptic, between the 
head and bow of Sagittarius : it is fmall, but very 
luminous, A third is on the back of the Centaur, 
which is too far South to be feen in Britain. A 
fourth, of a fmaller fize, is before Antinous’s right 
foot; having a Star in it, which makes it appear 
' more bright, A fifth is in the Conftellation of 
Hercules, between the Stars ¢ and 1, which {pot, 
though but fmall, is vifible to the bare eye if the 
Sky be clear.and the Moon abfent. 

365. Cloudy Stars are fo called from their ley 
appearance. They look like dim Stars to the 
naked eye; but through a telefcope they appear 
broad illuminated parts of the fky; in fome of 
which iis one Star,.in others more. Five of thefe 
are mentioned by. Péolemy. 1. One at. the extre- 
mity of the right hand of Perfeus. 2. One in the 
middle of the Crab. 3. One unformed, near the 
Sting of the Scorpion. 4. The eye of Sagittarius. 
5. One in the. bead.of Orion... In the firft: of thefe 
appear, more, Stars, through, the telefcope, than in 
any of the-reft, Ithough: 21 have been. counted in 
the head_ of. Orion, and above .40 in- that of the 
Crab... Two, are vifible in the eye of Sagittarius 
without. a. telefcope, and_feveral more with. it, 
Flamfteed obferved “a cloudy Star.in the bow. of 
Sagittarius, containing many. {mall Stars : and the 
Star d above Sagittarius’s right fhoulder is encome 
paffed with feveral more. Both Caffini and Flam- 
ftecd difcovered one between the Great and Little 
Pegs which is very ro of Stars viable only by the 
tclefcope. — 


Cloudy 
Stars, 
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telefcope. The two whitifh fpots near the South 
Pole, called the Magellanic Clouds by Sailors, which Magellanic 
to the bare eye refemble part of the Milky Way, “°° 
appear through telefcopes to be a mixture of {mall 
Clouds and Stars. But the moft remarkable of all 
the cloudy Stars is that in the middle of Oricn’s 
Sword, where feven Stars (of which three are very 
clofe together) feem to fhine through a cloud, very 
lucid: near the middle, but faint and ill defined 
about the edges. It looks like a gap in the fky, 
through which one may fee (as it were) part of a 
much brighter region. Although moft of thefe 
fpaces are but a few minutes of a degree in breadth, 
yet, fince they are among the fixed Stars, they muft 
be {paces larger than what is occupied by our Solar 
Syftem ; and in which there feems to be a perpe- 
tual uninterrupted day among numberlefs Worlds, 
which no human art ever can difcover. © 

366. Several Stars are mentioned by antient Changes ia 
Aftronomers, which are not now to be found ; and ‘2 He 
others are now vilible to the bare eye which are 
not recorded in the antient catalogue. Hipparchus 
obferved a ‘new Star about 120 years beforeCurist ; 
but he has not mentioned in what part of the Hea- 
vens it was feen, although it o¢cafioned his making 
a Catalogue of thé Stars’; which isthe moft antient 
that we have. 7X i i “f : piebbbenees: “ 4 ; 
The’ firkt' New Ster “that we?Aave any good ac- New Stas. 
count of, was difcovered by Cornéius Gemma on 
the 8th of November A.D. 15'725 ih thé’ Chair of 
Cafiepea. It furpaffed Sirius in’ "brightnefs’ and 
magnittide ; and was feen’ for 16 ‘nofths fuccef- 
fively, At firft it appeared bigger than 7upiter to 
fome eyes, by which it wasfeen at mid-day: after- 
wards it decayed ‘gradually both in magnitude and 
Juftre, until March 1573, when it became invifible. 

On the 13th of Auguft 1596, David Fabricius 
obferved the Stella Mira, or wonderful Star, in the 
Neck of the Whale; which has been fince found to 
appear and difappear periodically, feven times in 
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‘ fix years, continuing in the ereateft luftre for 15 


days together’; and is never quite extinguifhed. 
In the year 1600, William Fanfenits difcovered a 
changéable’ Star in the Neck of the Swan; which, 
in time,’ became fo fmall as to be’ thought 'to dif- 
appear entirely, till the years 1657, “1658, and 
1659, when it recovered it’s former luftre ahd 
magnitude; but foon decayed, and is now ‘of the 
{maileft fize. ny Jsath ip gage ak as 
In the year 1604, Kepler and feveral of his ‘friends 
faw a new Star near the heel of the right’ foot of 
Serpentarius, fo bright and. fparkling, that, it’ éx- 
ceeded any thing they’had ever feen before; and 
took notice that it was every moment changing into 
fome of the colours of the rainbow, except when it 
was near the Horizon, at which time it was gene- 
rally white. It furpafled ‘upiter in magnitude, 
which was near it all the month of Ofoder, but 
eafily diftinguifhed from Fupiter, by the fteady 
light of that Planet. It difappeared betweenOfober . 

1605 and the February following, and has not been 
feen fince that time. a Lx ee 
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Of Changes in the, Heavens. 
flow rotations on their Axis; by which means, 
they muft difappear when the fide covered with 
{pots is turned towards us. And as for thofe which 


break out all of .a fudden with fuch luftre, itis 


rT}: oe eae 


by no means improbable that they are Suns whofe 
Fuel is almoft fpent, and again fupplied by fome 
of their Comets falling upon them, and occafion- 
ing an uncommon blaze and fplendor for fome 
time: which indeed appears to be the createlt ufe 
of the cometary part of any fyftem Wi , 


343 


"Some of the Stars, particularly Aréurus, have Some Stars 


been obferved to change their places above a mi- 
nute of a degree with refpect to others. But whe- 
ther this, be owing to any real motion in the Stars 
themfelves, muft require the obfervations of many 
ages to determine. If our Solar Syftem changeth 
it’s Place, with regard to abfolute fpace, this muft 
in procefs of time occafion an apparent change in 
the diftances of the Stars from each other: and in 
fuch a cafe, the places of the neareft Stars to us 
being more affected than thofe which are very re- 
mote, their relative pofitions muft feem to alter, 
though the Stars themfelves were really immove- 
able. On the other hand, if our own Syftem be at 
reft, and any of the Stars in real motion; this muft 
vary their pofitions; and the more fo, the nearer 


—* My. Maupertuis, in his differtation on the figures of the 
Celeftial Bodies: (p. 61—63) is of; opinion that fome Stars, by 
their prodigious quick rotations on their Axes, may not only 
affume the figures of oblate fpheroids, but that by the great 
centrifugal force, arifing from fuch rotations, they may be- 
éome of the figures of mill-ftones; or be reduced to flat cir- 
cular planes, fo thin as to be guite invifible when their edges 
are turned towards us; as Saturn’s Ring is in fuch pofitions. 
But when very excentric Planets or Comets go round any flat 
Star, in Orbits much inclined to it’s Hquator, the attraction 
of the Planets or Comets in their Perihelions muft alter the in- 
clination of the Axis of that Star; on which account it will 
appear more or lefs large and luminous, as it’s broad fide is 
more or lefs turned towards us. And thus he imagines we 
may account for the apparent changes of magnitude and luftre 
in thofe Stars, and likewife for their appearing and difap- 


pearing. 
Z 4 they 


change there 
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they are to us, or fwifter their motions are; or the 

more proper the. direction of their motion is, fo 

our preception, gn : 
Thetcip- 368, ‘The obliquity of the Ecliptic to the Equi- 
tic lefsob- noétial is found at prefent to be above the third 
eee part of a degree lefs than Ptolemy found it. And 
thanfor- moft of the obfervers after him found it to decreafe 
Faetiye gradually down toa. Tycho’s time. If it be objected, 
that we cannot, depend on the obfervations of the 
antients, becaufe of the incorreétnefs of their In- 
{truments 3. we have to anfwer, that both Tycho and 

' Flamfteed are allowed to, have been very good ob- 
fervers; and yet we find that Flamfteed makes 

this obliquely 24 minutes of a degree lefs than 

Tycho. did, about 100. years before him: and as 
Piolemy was 1324 years before Tycho, fo the gra- 
dual decreale anfwers nearly to the difference of 

time between, thefe three Aftronomers, If we 
confider, that the Earth is not a perfect fphere, but 

an oblate {pheroid, having it’s Axis fhorter than 

it’s equatorial diameter; and that the Sun and 

Moon are.,conftantly, afting obliquely upon the 

greater quantity ,of matter about the Equator, 
pulling it, .as it.were, towards a nearer and nearer 
co-incidence withthe Ecliptic; it will not appear 
improbable. that thefe ations fhould gradually di- 

minifh the Angle between thofe Planess -Nor is it 

lefs probable thatthe mutual attraction of all the 
"Planets, thould -have,a tendency to bring their Or- 
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bits,to. a ca-incidence: but this change Is.too {mall 
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Of the Divifion of Time. A perpetual Table of New 
Moons. The Times of the Birth and Death of 
Curist. 4 Table of remarkable “iras or Events. 


cha (las parts of time are Soba: Minutes, 
. Hours, Days, fi ears, Cycles, Ages, and 
Periods. 

340. The original ftandard, or integral meafure A Year. 
of Time, isa Year; which is determined by the 
Revolution of fome Celeftial Body 1 in it’s Orbit, 
viz. the Sun or Moon. 

371. The time meafured by the Sun’s Revolu- Tropeat 
tion in the Ecliptic, from any Equinox or Solftice “““ 
to the fame again, is called the Solar or Tropical 
Year, which contains 365 days, 5 hours, 48 minutes, 

57 feconds; and is the only proper or natural 
year, becaufe it always keeps the fame feafons to 
~ the fame months. 

372. The quantity of time, meafured by the Sydereai 
Sun’s Revolution ‘as from any fixed Star to the *°* 
fame Star again, is called 'the Sydereal Year ; which 
contains 965 5 days, 6 hours, 9 minutes, 14i feconds; 
and is 20 minutes, 175 feconds longer ‘than! the 
true Solar Year. ~ | 

373. The time ieafured’ by’ weve Revolutions Nslidbe Waar 
of the Moon, from the Sun ‘to the 'Sun'a again, is 
called the Lunar Year’ it contains'3¢4 days, 8 
hours, 48 minutes, 36 feconds'; "and 1s therefore 
10 days, 21 hours, o minutes, 21 feconds, fhorter 
than the Solar Year. This is the foundation of 
the Epaét. 

374. The Civil Year is that which is in common civil Yess, 
ule among the different nations of the world; of 
which, fome reckon by the Lunar, but moft by 
the Solar. The Civil Solar Year contains 365 days, 
for three years running, which are called Common 
Years; and then comes in what 1s called the akie3 

tie 
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Lunar Year, 


Roman V ear. 


The origi- 
nal of the 
Gregorian ,or 
New Srily, 


SAREE by one day in.about 130.years. In the time 
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ile or Leap-year, which contains 366 days. This 
1S is alfo called the Fudan Year on account of Fulius 
Cefar, who appointed’ thé Interalary-day pals 
fourth, year, ‘thinking, thereby..to. make. the: Cit 
and Solar Year keep. pace together. And ne 
day, being added: to the 23d of February, which i in 
the Roman Calendar was the fixth of the Calends 
of March, that fixth day. was eee recko 2 or 
the 23d and 24th were reckoned as one # ey and 
was called Bis fextus dies, ‘and thence came..the 
name Biffextile for that year. - Bur in Pee common 
Almanacks this day is added ar. the endo Feb rUuary. 
375. The Civil Lunar Year, is. alfo common or 
intercalary. [he common Year confilts of 12 
Lunations, which contain 354 days ; 5 at the end of 
which, the year begins again. . The Intercalary,, or 
Embolimic Year, is that wherein'a month was added, 
to adjuft the Lunar Year to the Solar. ‘This me- 
thod was ufed by the Yews, who kept t their account 
by the Lunar Motions. But by. intercalating no 
more than a month of 30 days, which they, called 
Ve- Adar, every third year, they fell 32 Sl thort 
of the Solar Year i in that time. < 
376. The Romans alfo ufed the Lunar idiot 
mic Year at firft, as it was fettled by Romulus their 
firft King, who made. it. to confift only of .ten 
months or Lunations; which fell 61 days fhort. of 
the Solar Year, and fo their year .became quite 
vague and unfixed; for which reafon, they were 
forced to have a Table publifhed by the High- 
Prieft, to. inform them when the {pring and. other 
feafons began. But Fulius Cefar, as already men- 
tioned, § 374,.taking this troublefome affair i into 
confideration, reformed | the Calendar, by making 
the year to confitt of 365 days, 6 hours... 
377- The year thus fettled, is what we fill make 
ufe of in Britaiz,: but as, it is fomewhat | more than 
1x minutes longer. than the Solar Tropical Year, 
the times of the _ Equinoxes go backward, and fall 


of 
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of the Nicene Council (A.D. 325) which was 1439 
years ago, the Vernal Equinox fell on the 2 1ft of 
March: and if we divide 1444, by 130, it, will 
quote 11, which is the number of days the Equi- 
nox has fallen back fince the Council of ice. 
This caufing great difturbances, , by unfixing the 
times of the “celebration of Eajter, and confequently 
of all the other moveable Feafts, Pope Gregory the 
‘13th, in the year 1582, ordered ten days. to be at 
once ftruck out, of that year; and the next day 
after the fourth'.of Oéfober was called the fifteenth. 
By this mearis the Vernal E, quinox, was reftored to 
the 21{t of March; and it was. endeavoured, by 
the omiffion of three intercalary days in 400 years, 
to make the Civil or Political year keep pace with 
the Solar for time to come. This new form of the 
year is called.the.Gregorian Account,-or New Stile ; 
which is received in«all Countries where the Pope’ : 
Authority is ackfowledged, and ought to be in all 
places, where truth is revarded, 


378. The principal divifion of ‘the year is into Monthiag 


Months, which are-of two forts, namely, Afironomi- 
cal, and Civil. ‘The Se aranomical month 1s the time 
in which the Moon;runs through the Zodiac, and 
is either Periodical or Synodical, The Periodical 
Month is the time fpent by the Moon in making 
one complete Revolution from any point of tl the 
Zodiac to the fame again; which is.274 7? 43". 
The Synodical Month, called a Lunation, i is the time 
contained between, the Moon’s parting with the 
Sun at a Conjunction, and returning to him again; 
which is 294 12°44". The Civil Months are Tthofe 
which are framed for the ules of civil life; and 
are differént as to. their names, number of d days, 
and times of beginning, in feveral different Coun- 
tries, The firft month of the Zewi/h Year fell ac- 
cording to the Moon in our Auguft and September, 
Old Stile; the fecond in September and Odfober ; 
and fo on.. The firft month of the Egyptian Year 
began on the 29th of our dugu?, The firft month 
of 
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of the Arabic and Turkifh Year began the 16th of 
¥aly. ‘The firft month of the Grecian Year fell ac- 
cording to the Moon in une and Fuly, the fecond 
in Fuly and Auguft, and fo on, as in the following 
Table. 

379. A month is divided into four parts called 
Weeks, and a Week into feven parts called Days 5 
fo that in a Fulian year there are 13 fuch Months, 
or 52 Weeks, and one Day over. The Gentiles 
gave the names of the Sun, Moon, and Planets, to 
the Days of the Week. To the firft, the Name of 
the Sun; to the fecond, of the Moon; to the third, 
of Mars: ; to the foukeh: of Mercury, to the fifth, 
of Fupiter,; to the fixth, of Venus; and to the 
feventh, -of Saturn. . 


The Fewifh year. | Days] 
Tt Pin een Aug.—Sept. | 30 
2|Marchefvan  - ~— Sept.—Oct. | 29 : 
» 3/Cafleaau  —_ ih — Oc. —Nov, | go 
—4{/Tebeth — — — Nov,—Dec. | 29 
| 5|Shebat — = — — Dec. Jatt.) 30 
GhAdar Singt Jane —Feb. | 294 
9 Nifan or  Abib — — Feb.“—Mar | 30 f 
| Siar § So i Mary pr. i, 
go fSivan Oa 99 9 Apevia 

oeTamuz Yaa  __. May —June 2 
rRPAb? yey June —July 

19} he —- os oe ihre —Aug. 


[354 
— ie ‘Embolimic year after Adar Ry added a 


‘month called Ve- Adar of 30 ies : 
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The Egyptian year. 


Ny 
1|Thoth 


} Sonat o> Augie 29 [430 , 
2|Paophi —. —  — September 28] 30 
3)Athr —. —_.— Oftober 28] 30 : 
4 Chojac — = .— November 27] 30 
5) Tybi. + — .— — December 27] 30 
6|Mechir. —. — .—- January. 26] 30 


7\Phamenoth_ . — ~ — February 25} 30. 


g|Pachon. —. — — April 26) 30.) 
10}Payni — —. — — May 26] 30 , 
11jEpiphi. — — .— June. 25} 30. 
12|Mefori -—~ —  — July... 25} 30 


“1 {Muharram — — — July eT 
+2 Saphar =. — Augot 15 


Legh Rabia dL. etait, ora. OCtaber 13] 29 
Jomada,I...— — —- November 14]: 30 
6 Jomada Il., — —  — December 11};7 
er Rajab. = —_ — January ~.9} 
.8|Shafban, .-—....—-.. —.February. 8 
g|Ramadam —,,— — March . 9} -30 
REA cS he one mor se es 8 

7 

5 


11|Dulhaadah — — — _ May, i 
Dulheggia “om — — eRe. " Nh 


Daysanthe peat ce a a, (yar a 364 
The dradians add.11 days at the end of every year. 
which keep the fame months to the fame feafons 


8|Parmuthi —  — — March 297} 30 } 


349 


Days. 


Hours, 


-_ ihe Schon fan id ime. i 


<gsiosaso: issuer enantiomer aie 


The ancient Gress year. oe ' 


rr 

. r|Hecatombeon’ — Jane—July” AAAS 
| ¢|Metagitnion’*. "~ — “July Aug.) 29 
ge: Boedtomiot 2 ~-— Anup. =Sept: |°30 
| -4\Pyanepfioa OK __ “Sep RO ces ae 
5 Maimaéterion“— "Ott Novi 438! 
: 6|Pofideon “SK! La — Nov=Det:' }' 29 
.7|Gamelion” — Se Dec. Jan.’ T 30) 
S$ |Anthefterion 4." — "Jan? Feb. |” 2 
| g|Elaphebol ion] — "Feb. Mar. | 
10 Munichion =’: Mar Apr:\| |" . 
it|Lhargelion “=> “— Apr.=May ‘!]\" ¢ 
i ea ei At a Wa hd p 


Sr er eee. en 
k - 


¢ 


sc che-year Labb: a 
aoa. Ort3 LAL yell 
: 


~380. A Dai is aiahet NatiraTs or aad "The 
Natural Day contains 24 hours; the Artificial, the 
time from Sun-rife to Sun-fet.: “The Natural Dz 
is is caper or. Civile The Aftronon nae 


: Rewolbsions ¥ 5 “peoeohine Node neg ‘tiie faa 
wha. the Suii? ‘Genter | is on the Meridian; for jth 
besinning of theDay. The Britifh, French, Dutth 
Germans, “Spanianils), Portuguese, anid” Egyptians, | ‘be- 
yin the Civil Day at‘Midnight : “the anise Greeks, 
Vea, benigiie Stlefians, with the modern’ Ieahons, 


- and Chinefe,-begin it-at Sun-fetting sand the-an- 


tient ‘Babylonians, Perfians; Syriaitss with’ the niédern' 
Pines, at Sun- rifing. | ee ee | 
) 384s An Hotir isa certain ‘abbebrhthatl part! ‘dé 
the Day, and is éither ‘equal or unequal.” An ‘equal 
Hour i is the 24th part of a mean natural Day, as 
. fhewn 
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fhewn by well-segulated Clocks atid Watches; bat 
thefé-Hours ate ‘not: quite equal.asmeafured by 
the. returnseofithe; Sun toithé Meridian, becaufe 
of ithe obliquity’ of.the Ecliptic and Sun’s unequal 
motion iniaty: § 2247-245. Unequal. Hours-are 
thoie by which) the Artificial, Day is ;divided into 
twelve Patts;yand the Night into.ag¢manys ssdeqn 


-9g82.: An Hour is' divided sintos,60 equak parts Mintss, 
called Minutes, a Minute into 60;,equal parts.callec Thirds, ana 
Séconds, and thefe .again, into 60 equal.parts, called S™¥?!** 
Thirds. \ Vhe.:Fews;;Chaldeans,-and Arabians, divide 
the: Hour: into» 1089! equal: parts: called: Seruples 5 
which number contains, r8)tiines s60;) fo that one 
minute containsiaSsSceruplesod: sguorlilA 26 yu. oo 
293834 A Cyele:is\' a! perpetual! round; of circula- Cyeles of ... 
tioniof the famexparts of; time: of any ‘fort. The ake evi 
Gycle of the Sunzis a revolution-af’2 8!years, in whiclr Indidtion. 
timé the days: of the months; return! again tothe. 
fainecdays. of the|sweek;: the Stinis Place tonthé 
fame \Signs«and Degrees -of::the Ecliptic onthe 
fame) months)and |days; fo. asinot to differ'oné dé 
free inoroo years 3,andi the Leapsyears’ begin:the 
fame courfe over again with sefpedt! ro ithe daysiof 
theiweekvoniwhich: the! days\ of\(the months-falli 
BhécCycle:of the Maan} scommonty-called: the Goldens 
WNamber; is:a revolutioh~of irg-years 5 in-which'time} 
theiConjundctions, Oppofitions»and! other Afpects 
of the: Moon, are within.an hourand:halfof being 
-the!fame aAs):they! wererdn_xhei fame days ofthé 
‘months'r9 years:before.» ‘The [yditfion is A revot 
lution: of ag:years, uted only! by the! Remans for int 
dicatthg the: times | of -certain' payments made-by 
the fubjects to: the Rdpublic 2Ttwas eftablithediby 
Conftantine; AaD. 912. Sic WO od wt) ight 
ofig84.9Dhe yeat of our Savrou'r’s Birth; accords To find the 
ang toi the villgan/Hra, was: the cgth’. year ofthe ences 
Solar Cycle; the firft year of the Liunar Cycle’s- 
and the 320th yéar.after thissbirthawas the firft year -*" 
bf cthe RomamindiGion: » Therefore; toofinde thé “...; 
yeat of) the Solar Cycle, add g2to any giveh vyeat’ « 
« MAE | a tick tee: ia , ‘OF. 


% Dhay y 


452 Of the Divifion of Time. 


of Curist, and divide the fum by28, the Quotient 

is the number of Cycles elapfed fince his birth, 

and the remainder is the Cycle for the given year + 

if nothing remains, the Cycle is 28. To find the 

Lunar Cycle, add 1 to the given year of CHRIST, | 

and divide the fum by 193 the Quotient is the 
number of Cycleselapfed in the interval, and the — 
remainder is the Cycle for the given year : if no- 

thing remains, the Cycle is tg. Laftly, fubtract 

312 from the given year of Curis, and divide 

the remainder by 153; and what remains after this 
divifion is the Indiétion for the given year: if no- 

thing remains, the Indiction is 15. 9 doetiv 

whe defi: 385+ Although the above deficiency in the Lu- 
ency of the? nat Circle of an’ hour and half every 19 years 
cie,and cone DE but fmall, yet in time it becomes fo fenfible as 
ee make a whole Natural Day in 310 years. So 
ereole shat, although this Cycle be of ufe, when the Golden 
Numbers are rightly placed againft the days of the | 
months in the Calendar, as in our Common Prayer 

Books, for finding the days of the mean Conjunc- 

tions or Oppofitions of the Sun and Moon, ‘and 
confequently the time of Eaffer ; it will only ferve 

for 310 years, Old Stile. . For as the ‘New and Full 

Moons anticipate a day inthat time, the Golden 
Numbers ought to be placed one day’earlier in the 
Calendar for the next 310 years tocome. Thefe 
Numbers were rightly placed againft the days of 

New Moon in the Calendar, by the Councilsof 

Nice; A.D. 3253 but the anticipation, which has 

been neglected’ ever fince, is now grown almoit 

into 5 days; and therefore 4ll the Golden Num- 

bérs ought now to be placed 5 days higher in the 
‘Calendar for the Old Stile than. they were.at the 

‘time of the faid Council ; or fix days lower forthe 
New Stile, becaufe at prefent it differs 11 days 

: from the O/d. : a KL Oe, 
aon 2 386. In the annexed Table, the Golden Num- 
ete «bers under the months ftand againft the days of © 
Moon by the New Moon in the left-hand column, for the New 
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Stile, adapted chiefly to the fecond year after — 


Leap-year, as. being the neareft mean for all the 
four; and will ferve till the year 1900. There- 
fore, to find the day of New Moon in any month 
of a given year till that time, look for the Golden 
Number of that year under the defired month, and 


again{t it, you have the day of New Moon in the — | 
left-hand column. ‘Thus, fuppofe it were required | 
to find the day of New Moon in September 17573. 


the Golden Number for that year is 10, which I 


look for under September, and right againft it in the © 


left-hand column I find 13, which 1s the day of 
New Mooninthat month. NV. B. If all the Golden 
Numbers, except 17 and 6, were fet one day lower 
in the Table, it would ferve from the beginning 
of the year 1900 till the End of the year 2199. 
The firft Table after this Chapter fhews the Golden 
Number for 4000 years after the birth of Curist ; 
by looking for the even hundreds of any given year 
at the left hand, and for the reft to make up that 
year at the head of the Table; and where the co- 
lumns meet, you have the Golden Number (which 
is the fame both in Old and New Stile) for the 
given year. Thus, fuppofe the Golden Number 
was waiited for the year 1757; I look for 1700 at 


the left hand of the Table, and for 57 at the top - 


of it; then guiding my eye downward from 57 to 

over-againft 1700, I find 10, which 1s the Golden 
Number for that year. . 

387. But becaufe the Lunar Cycle of rg years 

- fometimes includes five Leap-years, and at other 

times only four, this Table will fometimes vary a 


day from the truth in Leap-years after February. 


A perpetuat ANd it is impoffible to have one more correc, un- 
Tableot the Jefs we extend ir to four times 19 Or 76 years; in 
time of New 


Moontothe Which there are 19 Leap-years without a remain- 
nearefihour, der, But even then to have it of perpetual ule, it 


(ofr the Old 


srk, ~~ muft be adapted to the O/d Stile; becaufe in every 
centurial year not divifible by 4, the regular courfe 
of Leap-years is interrupted in the New; as will — 
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be the cafe in the year 1800. Therefore, upon 
the regular Old Stile plan, I} have computed the 
following, Table of the mean times of all the New 


- Moons to the neareft hour for 76 years; begin- 
ning with the year of C#Rrist 1724, and ending © 


with the year 1800. : tipi 

_ This Table may be made perpetual, by deduct- 
ing 6 hours from the time of New Moon in any 
given year and month from 1724 to 4806, in of= 
der to have the mean time of New Moon in any 
year and month 76 years afterward; or deducting 
12 hours for 152 years; 18 hours for 228 years 3; 
and 24 hours for 304 years; becaufe ini that time 
the changes of the Moon anticipate almoft a com= 
plece natural day. And if the like number of 
hours be added for fo many years paft, we fhalk 
have the mean time of any New Moon already 
élapfed. Suppofe, for example, the mean time of 
Change was required for Fanuary 1862; deduct 
76 years, and there remains 1726, again{t which in 
the following Table, under Fanuary, I find the 
time of New Moon was on the zrft day, at 11 in 
the evening : from which take 6 hours, and theré 


remains the 21ft day; at 5 in the evening, for the » 


mean time of Change in Fanuary 1802. Or, if the 


time be required for May, A.D. 1701, add 76 


years, and it makes 1777, which I look for in the 
Table, and againft it under May I find the New 
Moon in that year falls on the 26th day, at 9 in 
the evening; to which add 6 hours, and it gives 
the 26th day, at 3 in the Morning, for the time of 


New Moon in May, A.D. #708. By this.addi-. 


tion for time paft, or febtraction for time to come, 
the’ Fable will not vary 24 hours from the truth 
in lefs than 14592 years. And if, inftead of 6 
hours for every 76 years, we add or fubtract only 
5 hours 52 minutes, it will not varya day in 10 
millions of years. — # 


Aaa  Abhougt 
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_ Although. this Table i is calculated for 76 years 
only. >, and ‘according to ‘the Old | Stile, yet by means 
of two ealy Equations it. ne be made to an{wer 
‘aS exactly to the New Stile, | or any. time to come. 
‘Thus, becaufe the year 1724 in this. Table i is the . 
firtt year of the Cycle for ‘which it_ is made; if 
from any year of Curist after 1800 you fubtract 
1723, and. divide the overplus, by 76, the quotient — 
will thew how many entire Cycles of 76 years are 
elapfed fince the beginning of the Cycle here pro- 
vided for; and the remai inder will fhew the year 
of the current Cycle anfwering ‘to the given year 
of Curis. Hence, if the remainder be o, you 
muft inftead thereof put 76, and leffen the Quo- 
tent by unity. 7 

Then, look in the left-hand column of the Table 
for the number in your remainder, and againtt it 
you will find the times of all the mean New Moons 
in that year of the Pprefent Cycle. And whereas 
in 76 Julian years the Moon anticipates 5 hours 
£2 minutes, if therefore thefe'5 hours 52 minutes 
be multiplied by the'above- found Quotient ; that is, 
by the number of -entiré Cycles paft; the produét 
fibtracted from the times in the Table will leave 
the corrééted times of the New Moons to the Old 
Stile P which may be reduced to the New Stile'thus: 

“Divide the auimber- of entire handreds in the 
given 3 year Of Curist by 4,\multiply this quotient 
by 3, to thé produét add the remainder, and from 
their furn-fubtra&t 2: this Jaft remainder denotes 
the number of days to be added to the times above 
corrected, in-order to reduce them tothe New Stile. 
he resicts of this is, thet every 400 years of the 
“New Siile gains 3 days upon the‘Old Stile: one of 
which, it gains.in éach of the centurial years fuc-. 
cotta t that which i isexactly divifible by 4 without 
a remind fan but. then, when you have found the 
days'{o° gained, 2° “thult'be fubriacted from their 
number on account of the rectifications made in’ 
the Calendar ee the BR of Nig, and fince by 
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Pope Gregory. It. mutt alfo be ‘obferved, that the” 


additional days found as above directed, do! not» 


take place in the centurial Years which’ are not 
multiples of 4 till February 2gth, Old Stile, for on 


that day begins the difference between. the Stiles 5 
till which day, therefore, thofe that were added in; 
the preceding years muft be ufed, The following” 


Example will make this aqvbuamodatian pinias 


Required the mean time of New h vt in June, A. D. ‘ 


1909, N.S. 


From 1909 take 1723 
years,andthereremains 186 
Which divided by 76, 
gives the quotient 2 


and the remainder — 34 
Then, againft 34 in the 
Table is ‘fume —- — 5° 8 o™ Afternoon, 


And 5° 52™ multiplied by 
2maketobefubtr. — 11 44 
Remains the mean time ~~ 

according to the Old 

Stile, Fune — — — 5° 9* 16" 
Entire hundreds in 1909 

are 19, which divide by 

Pee MOCCS: —— (a = 4. 
Atnd leaves a remainder of 3 
Which quotient multipli- 

ed by 3 makes 12,and © 

the remainder added 


makes — — — — P= 
From which fubtract 25 
and there remains — 13 
Which number of days 
added tothe abovetime, 
Old Stile, gives fune — 18* 9® 16" Morn. N.S. 
A a3 So 
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So the mean time of New Moon in Fune 1909 _ 


Netw Stile is the 18th day, at 16 minutes paft 9 in 
the Morning, 


Ifa days be added to ‘the time of any wey 
Moon inthis Table, it will give the time thereof 
according to the New Sizle “till the year 1800. 
And if 14 days 18 hours 22 minutes be added to 
the mean time of New Moon in either Sfi/e, it will 
give the mean time of the next Full Moop accord 


‘ing to that Syile, 
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A-T ABLE fhewing the times of all ihe mean Chang's of 

the Moon, to the neare/? Hour, through four Lunar Peri- 
ods, or 76 years. M fignifies morning, A afternoon. 

Fanuary \ bebr uary. 
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| ad TABLE of the mean New iicons, Sc. |) 
STN 7 Fae | 
May _ A a a» July Ange me 


1g 174114. 5MI-2 6 Al 7 alse 8M. 
19/1742/23.. 3Mja1 4Al2zr.,5Miig 6A: 


20/1743 )12 OAII iMit1o 2A) 9 3M] 
ee; 30 10Ml28 11 Al28 0 Al26 12. A i 
22174519 GAS  7Mir7 8 Ajr6 8M] 


23|1746).9, 3Ml.7 .44) 7. 5Ml5 6 Al 


2411747127 12Al26 1rAl26 2Mi24.. gA 
25/0748 16 - 9M 4 roAlrg tiMjr2: 12 A} 
viz. 6A; 7M] 3 Bal? OM 
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1724 6° 10 A} 6) 011M 4 


Ue cererereee fl meen ere 


3 

4 

5|1728122 2 2 
6 i729/t1 8 Alrr 9M) g 


£73} 6 oA 30 7Mi28 


18|1741/28 = g Al28 “ToM|26 


tglr742ii8 = OMIt7 “7 Alr6 
20)17431.7 3 Al7) 4M) 5 


Be i 
13 4 
14 4 
LOT 
17/1 : 


211744125 1 Al25)° 2M/23 | 4 
22|t745|t4 go Aji4: 1oM)r2 . | 4 
2311746) 4 °° 6M] “3 vale 4 
2411747123 3Mi22. 4 Alar a 
25|1748|tr. OAlar IM! 9 4 
2€{1749)30 10Mj29_ 11 Aj28 
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4911772123 9 Ala2 10M 22 
50]4773)12 5Mi10 6 Ajr2 
SI774105 | gM. : 
5211775 aa o Allg 1Mj20 
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45] 6772120 
{5° 1773\10 — 


5141774\29 
$213775\18 


5341776] © 
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on” a ABI LE “of the mean new » Moons continued. 
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{27/1750/19 
28)f751) 9 


2Q)1752 27 


33/1756|13 


34/1757) 2 
35/175 8/21 


30)1759]10 
37\1760/28 
38 1761 17 


13911762) 7 


140[1°76 3126 
c 1764 14 
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| A TABLE of the mean New Moons concluded... 


at eee bails March 
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The year 1800 begins a new Cycle. 
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i=) A LABLE of the mean New Moons concluded. | 
| September October \ November | December 


*oAaYIJOSI A 


10M 9 


Ap? 1OMi29 104 
5M 18 6A 18 aM 
2A} 8 3M) 7. 4A 
oAj27  aiMj26 «2A 


gAl16 10Mi1g 1A 
5BM\ 4 6A 4 
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Eaffer Cycle 
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, 388.,The Cycle of Eafter, alfo called the Diony, a 
Period, is a revolution of 532 years, found by mul- — 


tiplying. the. Sqlar Cycle 28.by.the..Lunar Cycle 
“tq. If the New Moons did not anticipate upon 


: J ie 
& v 


this Cycle, Eaffer-Day would always be the Sunday 


Wumber of 
DireGion. 


next after the firft Full Moon/which follows the 
-aift of March, But, on.account of the above an- 
ticipation, § 422. to which no proper regard was 
had before the late alteration’ of ‘the Stile, the Eccle- 
fioftic Eaffer bas feveral times been a week differ-. 
ent from the rue Eaffer within this laft Century: — 
which inconvenience is now remedied by making 
the Table which ufed to find Eafter for ever, in _ 
the Common Prayer Book, of no longer ufe than 
the Lunar difference from the New Svile will ad- 
mit of. | ee ee kee 
389. The earlig# Eajter pofible is the 22d of 
March, the lateft the 25th of. April. Within thefe 
limits are 35 days, and the number belonging to 
each of them is called the Namber of Direttion; 
becaufe thereby the time of Eafter is found for any 
‘given year. .To find the Number of Direction, 
according to the New Stile, enter Table V. follow- 
ing this Chapter, with ‘the compleat hundreds of 
any given year at the top, and the years thereof 
(if any) below an ‘hundred at the left hand; and 
where the columns meet is the Dominical Letter 
for the®¢given year. ‘Then, enter Table I. with _ 
the compleat hundreds of the fame year at the left 
hand, and the years below an hundred at the top 5 
and where the columns meet: is the Golden Num- 
ber for the fame year. . Laftly, enter Table II. with 


- the Dominica] Letter at the left hand and Golden — 


Number at the top; and where the columns meet 


~ is the Number of Dire@tion ‘for that year; which — 


the Siege Number is 10, (Table I) by which ~ 


‘number, added to the 21{t day of March, thews — 
‘on what day either of March or April Eafter-Sunday 
‘falls in that year: Thus, the Dominical Letter 
New Stile for the year 1757 is B (Table V) and ~ 


in 
me 
é 


a 


Of the Divifion of Time. | 369 

in Table II. the Number of Direétion is found to 
bé 20; which, reckoning from the 2ift of March, To find the 
ends on the 10th of April, that that is Eafter-Sun-** 24 
day in the year 1757. N.B, There are alwaystwo 
Dominical Letters to the Leap-year, the firft of - 
which takes place to the 24th of february, the latt 
for the following part of the year. 

390. The firft feven Letters of the Alphabet are 
commonly placed in the annual Almanacks, to 
fhew on what days of the week the days of the 
months fall throughout’ the:year. And becaufe me 
one of thofe feven Letters mutt: neceffarily ftand Dominicai 
again{t Sunday, it is printed in a:capital form, and“ 
called the Dominical Letter : the other fix being in 
ierted in {mall charaéters, to denote: the other fix 
days of the week. Now, fince a common ‘Julian 
Year contains 365 Days, if this number be divided 
by 7 (the number of days in a week): there will re 
main one day. If there had been no remainder, 
it is plain the year would conftantly begin on the 
fame day of the week. But fince 1 remains, it is 
as plain that- the year muft begin and end on the 
fame day of the week; and therefore the next year 
will begin on the day following. Hence, when ~ 
January begins on Sunday, A is the Dominical or 
Sunday Letter for that year: then, becaufe the next 
year begins on Monday, the Sunday will fall on the 
feventh day, to whichis annexed the feventh Letter 
G, which therefore will be the Dominical Letter 
for all that year: and as the third year will begin 
on Tuefday, the Sunday will fall on the fixth day 5 
therefore F will be the Sunday Letter for that year. 
Whence it is evident, that the Sunday Letters will 
go annually in a retrograde order thus, G, F, E, D, 
C, B, A. And in the courfe of feven years, if they 
were all common ones, the fame days of the week — 
and Dominical Letters would return to the fame - 
days of the months. But becaufe there are 366 
days in a Leap-year, if this number be divided by 
7, there will remain two days over and above the | 
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52 weeks of which theoyear confifts. .And theres 
fore, if the Leap-year begins on Sunday, it willend 
on Monday; and the next year will begin om Lue/- 
day, the firft Sunday whereof muft fall on the fixth 
of Fanuary, to which 1s annexed the Letter F, and 
not G, as in common years.) By this means, the 


- Leap-year returning every fourth year, the order 


/ 


To find the 
Dominical 
Leiter, 


Rand; in the meeting of thefe columns is £2, 


"Fo find the 
Days of the 
Months. 


of the Dominical Letters is interrupted s and the 
Series cannot return to its firit {tate till. after four 
times feven, or 28 years; and then the fame days 


of the months return in order to the fame days of 


the week as before. Lot, 

391. To find the Dominical Letter for any year ¢i- 
ther before or after the Chriftian ira. In able III. 
or LV. for Old Stile, or V. for New Stile, look for 


‘the hundreds of years at the head of the Table, 


and for the years below an hundred (to make up 


the given year) at the lefc hand: and where the 


columns meet, you have the Dominical Letter for 
the year defired. Thus, fuppofe the Dominical 
Letter be required for the year of Curist 17 58, 
New Stile, | look for 1700 at the head of Table V. 
and for 58-at, the left hand of the fame Table; and 
in the angle of meeting, I find 4, which is the Do- 
minical Letter for that year. If it was wanted 


for the fame year Old Stile, it would be found by. 


TablelV. to beD. Butta find the Dominical Letter 
for any given year before CHRIST, fubtract one from 
that. year, and then proceed in all refpects.as juft 
now taught, to find it by Table III. Thus, fuppofe 
the Dominical Letter be required for the 585th 
year before the firft year of CurisT, look for 500 
at the head-of Table IH. and for 84 at the left 


which were the Dominical Letters for that year, 
and fhews that it was a Leap-year; becaufe Leap- 
year has always two Dominical Letters. 


a 


392. To find the day of the month anfwering to any | 
day of the week, or the day of the week anfwering to — 


any day of the month, for any year paft-or to come. 
Having — 


; 
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Having found the Dominical Letter for the given 
year, enter Table VI. with the Dominical Letter 
at the head; and under it, all the days in that co- 
Jumn are Susdays, in the divifions of the months ; 
the next column to the right hand are Mondays ; 
the next, Zue/days ; and fo on to the laft column 
under G ; from which go back to the column un- 
der 4, and thence proceed towards the right hand 
as before. ‘Thus, in the year 1757, the Dominical 
Letter New Stile is B,in Table V; thenin Fable VI. 
all the days under B are Sundays-in that year, viz. 
the 2d, gth, 16th, 23d, and 30th of Fanuary and 
Offober; the 6th, 13th, 20th, and 27th of February, 
March and November ; the 3d, roth; and 17th of 
April and Fuly, together with the 31ft of Fuly; and 
fo on to the foot of the column. ‘Then, of courte, 
all the days under Con Mondays, namely, the 3d, 
roth, &%c, of Yanuary and Oéfober , and fo of all 
the reft in that column. If the day of the week an- 
fwering to any day of the month be required, it is 
eafily had from the fame Table by the Letter that. 
ftands at the top of the column in which the given 
day of the month is found. Thus, the Letter that 
ftands over the 28th of May is 4; and in the year 
585 before Curist, the Dominical Letters were 
found to be FE, § 391; which being a Leap- 
year, and £ taking place from the 24th of February 
to the end of that year, fhews by the Table that the 
26th of May was on a Sunday, and therefore the 
28th muft have been on a Wednefday; for when 
E ftands for Sunday, F muft ftand for Monday, G 
for Tuefday, &c. Hence, as it is faid that the fa- 
mous E.clipfe of the Sun foretold by Tuates, by 
which a peace was brought about between the 
Medes and Lydians, happened on the 28th of May, 
in the 585th year before Curist, it fell on a 


Wednefday. 


393. From the multiplication of the Solar Cycle Sfalian 
of 28 years into the Lunar Cycle of 19 years, and Period. 


the Roman Indiction of 15 years, arifes the great 
SA ay Sk Gee ae — Fulian 
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and /Eras. There is but one year in the whole ; 


To Bnd the 
year of this 
Period. 


And the 
Cycles of 


that year. 


The true 
ETA OF 
CHRIST’S 
birth, 


Of the Times of the Birth and Death of Curisr. 
‘Julian Period, confifting of 7g80 years, which had 


its beginning 764 years before Sirauchius’ fappofed 


year of the Creation (for no later could all the three 


Cycles begin together) and itis not yet compleated :_ 


and therefore it includes all other Cycles, Periods, 


Period that has the fame numbers for the three 
Cycles of which it is:made up: and therefore, if 
hiftorians had remarked in their writings the Cycles 
of each year, there had been no difpute about the 
time of any action recorded by them. ne 

394. The Dionyfian or vulgar Aira of Curist’s 
birth was about the end of the year of the fulian 
Period 4713; and confequently the firft’ year of 
his age, according to that account, was the 4714th 
year of the faid Period. Therefore, if to the cur- 
rent year of Curist we add 4713, the fum will be 
the year of the Fulian Period.’ So the year 1757 
will be found to be the 647oth year of that Period. 
Or, to find the year of the ‘uian Period anfwering 
to any’given year before the firft year of Curisr, 
fubtraét the number of that given year from 4714, 
and the remainder will be the. year of the Fukan. 
Period. ‘Thus, the year 585 before the firit year 
of Curist (which was the 584th before his birth) 
was the 4129th year of the faid Period. Laftly, 
to find the Cycles of the Sun, Moon, and Indiction 
for any given year of this Period, divide the given 
year by 28, 19, and 15; the three remainders will 
be the Cycles fought, and the Quotients the nume 
bers of Cycles run fince the beginning of the Pe- 
riod. Soin the above 4714th yearof the Fulan 


Period, the Cycle of the Sun was 10, the Cycleof 


the Moon 2, and the Cycle of Indiction 43 the 
Solar Cycle having run through 168 courfes, the 
Lunar.248,.and the Indiétion 314. | ; 

. The vulgar Afra of Crrurst’s. birth was 
never fettled till the year 527, when Dionyfius Exi- 
guus, a Roman Abbot, fixed it to the end of the 
4713th year of the Fulaw Period, which.was four 


years 
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years too late.—For our Savrour was born before 
the Death of Herod, who fought to kill him as foon 
as he heard of his birth. And according to the 
teftimony of Fo/ephus (B. xvii. ch. 8.) there was an 
Eclipfe of the Moon in the time of Herod’s Jatt ill- 
nefs; which Eclipfe appears by our Aftronomical 
Tables to have been in the year of the Fulian Pe- 
riod 4710, March 13th, at 3 hours paft midnight, 
at Ferufalem. Now asour Saviour mutt have been 
born fome months before Herod’s Death, fince in the 
interval he was carried into Egypt, the lateft time 
in which we can fix the true Afra of his Birth 
is about the end of the 4709th year of the Yulian 
Period. — 
There is a remarkable Prophecy delivered to us 
in the ninth chapter of the book of Daniel, which, 
froma certain Epoch, fixes the time of reftoring the 
State of the Fews, and of building the Walls of 
Jerufalem, the Coming of the Messran, his Death, 
and the Deftruction of Feru/alem.—But fome parts 
of this Prophecy (Ver. 25.) are fo injudicioufly 
pointed in our Engli/h tranflation of the Bidle, that, 
if they be read according to thofe ftops of point- 
ing, they are quite unintelligible-—But the learned 
Dr. Prideaux, by altering thefe ftops, makes the 
fenfe very plain: and as he feems to me to have 
explained the whole of it better than any other au- 
thor Ihave read on the fubjeé&, I thall fer down 
the whole of the Prophecy according as he has 
pointed it, to fhew in what manner he has divided 
it into four different parts. ) 


Ver. 24. Seventy weeks are determined upon thy 


People, and upon thy holy City, to finifh the Tranferef- 
fion, and to make an end of Sins, and to make recon- 
ciliation for Iniquity, and to bring in everlaping Righ- 
teoufnefs, and to feal up the Vifion and the Prophecy, 
and to anoint the moft boly. Ver. 25. Know therefore 
and underftand, that from the going forth of the Com- 
mandment. to reftore and build Jerulalem unto the 
Messiau the Prince fhall be feven weeks and three- 
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feore and two weeks, the firect foall be built again, and 
the wall even in troublous times. Ver. 26. And after 
threefcore and two weeks foall Mussian be cut off, 
but not for bimfelf, and the people of the Prince, that 
foall come, fall deftray the City and Sanéiuary, and the 
‘end thereof foall be with a Flood, and to the end of the 
War defolations are determined, Ver. 27. And he 
foall confirm the Covenant with many for one week, 
and in the midft* of the week he fball caufe the facri- 
fice and the oblation to ceafe, and for the overfpreading 
of abominations he foall make it defolate even until the 


Confummation, and that determined foall be poured upon’ 


the defolate. | 

This Conimandment was given to Ezra by 4r- 
taxerxes Longimanus, in the feventh year of that 
King’s reign (Ezra, ch. vii. ver. 11-—26.) Ezra be- 


gan the work, which was afterward accomplifhed — 


by Nebemiah in which they met with great oppo- 
fition and trouble from the Semaritans and others, 
durivg the firft feven weeks, or 49 years. 

From this accomplifhment till the time when 
Curist’s meflenger Fobu the Baptift began to 
preach the Kingdom of the Messian, 62 weeks, 
or 434 years. | ~ 3 

From thence to the beginning of Curist’s pub- 
lic miniftry, half a week, or 34 years, ! 

And, from thence to the death of Curisr, half 
a week, or 3% years; in which half week he 
preached, and confirmed the Covenant of the Gofpel 
with many of the Fews. 

In all, from the going forth of the Command- 
ment till the Death of Curist, 70 weeks, or 490 
years. ; aay FC 

And, laftly, in a very ftriking manner, the Pro-. 
phecy foretels what fhould come to pafs after the 
expiration of the feventy weeks, namely, the De- 
firuftion of the City and Sanéiuary by the People of 
the Prince that was to come, which were the Roman 

* The Door fays, that this ought to be rendered, rhe half 
part of the week, not ibe misife. ; Saas 
ies | 6 . Armies, 


= 
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Armies, under the command of Titus their Prince, 
who invaded Yerufalem as a torrent, with their ido- 
latrous images, which were an abomination to the 
¥ews, and under which they marched againft them, 
‘nvaded their land, and befieged their holy City, 
and by a calamitous war brought fuch utter de- 
{truétion upon both, that the ews have never been. 
able to recover themfelves, even to this day 

Now, both by the undoubted Canon ot Ptolemy, 
and the famous ra of Nabonaffar, the beginning 
of the feventh year of the reign of Artaxerxes Lon- 
gimanus King of Perfia (who is called ba/uerus in 
the book of £/ther) is pinned down to the 4256th 
year of the Fulian Period, in which year.he gave 
‘era the above mentioned ample Commiffion : 
from which count 490 years to the Death of 
Curisz, and it will carry the fame to. the 4746th 
year of the Julian Period... | 

Our Saturday is the Fewifo Sabbath: and it is 
plain, from St. Mark, ch. xv. ver. 42. and St. Luke, 
ch. xxiii. ver. 54. that CHRIST was crucified on a 
Friday, feeing the Crucifixion was on the day next 
before the Fewi/> Sabbath.— And according to St. 
Fobn, ch. Xviil. ver. 28. on the day that-the Paflover 
was to be eaten, at leaft by many of the 7ews. 

The Jews reckoned their months by the Moon, 
and their years by the revolution of the Sun: and 
they ate the Paffover on the 14th day of the month 
Nifan, which was the firft month of their year, 
reckoning from the firft appearance of the New 
Moon, which at that time of the year might ,be on 
the evening of the day next after. the change, if 
the fky was clear. So that their 14th day of the 
month anfwers to our fifteenth day of the Moon, 
on which fhe is full.—Confequently, the Paflover 
was always kept on the day of Full Moon. 

And the Full Moon at which it was kept, was 
that one which happened next after the Vernal 
Equinox.—For Jofephus exprefsly favs (Autig. B. 11. 
ch, 10.) ‘* The Pafiover was kept on the 14th day 
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“ of the month Nifan, according to the -Moon, 
‘© when the Sun was in Aries.”’——And the Sun al- 
ways enters Aries at the inftant of the Vernal Equi-_ 


nox; which, in our Saviour’s time, fell on the 2ad 
day of Aéarch. 3 


The difpute among Chronologers about the year 


of Curist’s Death is limited to four or five years 
at moft.—But, as we have fhewn that he was cru- 
cified on the day of a Pafchal Full Moon, and on 


a Friday, all that we have to do, in order to afcer-. 


tain the year’ of his death, is only to compute in 


which of thofe years there was a Paffover Full 


Moon on‘a Friday.—For, the Full Moons antici-’ 
pate eleven days every year (12 Lunar Months 


being fo much fhort of a Solar Year) and therefore, 
once in évery three years at leaft, the Yews were 
obliged to fet their Paflover a whole month for- 
warder than it fell by the courfe of the Moon, on 
the year next before, in order to keep it at the Full 
Moon next after the Equinox ; therefore there could 
not be two Paffovers on the fame day of the week 
within the compafs of a few neighbouring years. 
And I find by calculation, the only Paffover Full 
Moon that fell ona Friday, for feveral years before 
or after the difputed year of the Crucifixion, was 
on the third day of 4pril, in the 4746th year of 
the Yulian Period, which was the 4goth year after 


Lizra réceived the above-mentioned Commiffion - 


from Artaxernes Longimanus, according to Piolemy’s 
Canon, and the year in which the Messtan was to 
be cut off} accétding to the Prophecy, reckoning: 


from the poine forth of ‘that Commiflion or Com. - 


mandment: and this 490th year was the 33d year 
of our SAvictia’s Age, reckoning from the vulgar 
fEra of his birth; bur the 37th, reckoning from 
the true /Era thereof. 

And, when we refleé&t on what the Jews told him, 


fome time before his death (Fobn viii. 57.) © Thow 


“art not yet fifty years old,” we mutt confefs that 
it fhould teem much likelier to have been faid to a 


erfor 
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perfon near forty than to one but juft turned of 


thirty. And we may eafily fuppofe that St. Luke 
exprefled himfelf only in round numbers, when he 


faid that Chrift was baptized about the 30th year of 


his age, when he began his public miniftry ; as our 
Saviour himfelf did, when he faid he fhould lie 
three days and three nights in the grave. ft 

The 4746th year of the Julian Period, which 
we haye aftronomically proved to be the year of 
the Crucifixion, was the 4th year of the 202d Olym- 
piad ; in which year; Phlegon, a heathen writer, 
tells us, chere was the moft extraordinary Eclipfe of the 
Sun that ever was feen. But I find by calculation, 


that there could be no total Eclipfe of the Sun at 


Ferufalem, in a natural way, in that year.—So that 
what Phlegon here calls an Eclipfe of the Sun, feems 
to have been the great darknefs for three hours at 
the time of our Saviour’s Crucifixion, as men- 
tioned by the Evangelifts: a darknefs altogether 
fupernatural, as the Moon was then in the fide of 
the Heavens oppofite. to the Sun; and therefore 
could not poffibly darken the Sun to any part of 
the Earth. 

396. As there are certain fixed points in the 
Heavens from which Aftronomers begin their com- 


putations, fo there are certain points of time from: 


which hiftorians begin to reckon; and thefe points, 


_ Or roots of time, are called Aras or Epochs.. The 


moft remarkable Aras are thofe of .the Creation, 
the Greek Olympiads, the Building of Rome, the 
Hira of Nabonaffar, the Death of Alexander, the 
Birth of Curist, the Arabian Hegira, and the Per- 
Sian Fefdegird: All which, together with feveral 
others of lefs note, have their-Beginnings in the 
following Table fixed to the Years of the Julian 
Period, to the Age of the World at thofe times, 


and to the Years before and after the year of 


Curist’s birth, 7 
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11. The Foundation of Solomon's Temple —.. = 
12. The Argonautic Expedition .— —_  — 
13. Lycurgus forms his excellent Laws -—- “i= 
14. Arbaces, the firft King of the Medes »— (=> 
1s, Mandaucus, thefecond. — = — mm TT 
16, Sofarmys, the thirds 462 + otra te sites Se 
ry. The Beginning of the Olympiads —' — 
18. Artica, the fourth King of the Medes — = 
19. The Catonian Epocha of the Building of Rome — 
20. ‘The Aira’ of Nabonaffarn ei), =. oF an a 
21. The Deftru€tion of Samaria by Salmanefer =~ 
22. The fir Eclipfe of the Moon on RECORd he a 
23. Cardicea, the fifth King of the Medes — = 
24. Phragre tthe itth: GOR, sl) seat Ye rE 
ap.. Cyataren (AKC Fete with Tre een Vee aa ee 
26. The firlt Babyloni/h Captivity by Nebuchadnezzar - 
27, The long Warended between the Medes and Lydians 
28, The fecond Babylonish Captivity, and Birth of Cyrus 


1 ae 
2. The Deluge, ot Noab’s Flood = => eT 
3. The Afprian Monarchy founded by Nimrod = — 
4. The Birth of Abraham ee 
5- The Deftrugtion of Sodom and Gomorrab- — »— 
6. TheBeginning of theKingdom of Athens by Cecrops 
7. Mofes receives the Ten Commandments — 

8 The Entrance of the [/raelites into Caxaan — 

g. The Deftruétion of Trayi Se 


. The Beginning of King: David's Reign) == 


. The Deftruétion of Solomon’s Temple = —) 
_ Nebichadnexzar ftruck with Madnefs — 
_ Daniel’s Viion of the four Monarchies -—- — 
. Cyrus begins to reign in the Perfan Binpite: 


. Artaxerxes Longimanus begins to rion. | 4“ host 
. The Beginning of Daniel’s feventy Weeks of Years 
. The Beginning of the ke Hage NV dh boa 


. His Deaths ey tee fo ee] 
. The Captivity of ro0000 Fews by King Prolemy 
| TheColoffus of R4odes thrown down by 


. Antiochus defeated by Ptolemy Philopater ~~~ -— 
. The famous ARCHIMEDES. murdered at Syracu/e ame 
. Fafon butchers the Inhabitants of Ferufalem = — \ 
. Corinth plundered and burnt by Conful Mummius 

. Fulius Cafar invades Britain — — — — 
, He coprettstheCalendar —- —— = 46771396 


Do dbsCak8s saig 
“A Cable of remarkable Hiras and Events. 


Julian [¥.ofthe Before 


' Period.| World [Chritt, | 


"The Creation of the World —_— = 


‘The Battle of Marathon ——- rr 


Alexander's Victory at Ar ae ick acs abd mee 


pret — 


an Earthquake 


ee 
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47. Is killed in the Senate-Houfe — — — 

48. Herod made King of Fudea -—- ~~  — 

49: Anthony defeated at the Battle of Adium — ° 
50. Agrippa builds the Pantheon at Rome — 
st. The true Aira of Carist’s Birth — — 
g2oPne Death of fered 


ELb era 
ws 
nN 
co 
oe 
Qn 
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Ss 
nN 
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53. TheDionyfan or vulgar Aira of Curist’s Birth — {4713}4007| 0 
54. The true Year of his Crucifixion — — = |4746|4040) 33 
55. The Deftruction of Ferufalem — —- — » — 14783]4077| 70 
56, Adrian builds the long Wall in Britain — — 14833)4127| 120 
57. Conffantius defeats the Pids in Britain — — |5019}4313} 306 
58. The Council of Nice — — —= — — == 1503814332] 325 
59. The Death of Confantine the Great — —= — 1505014344] 337 
60. The Saxons invited into Britains -—- — == |§158)4452) 445 
61. The Arabian Hegira — —) = 1533514629} 622 
62. The Death of Mohammed the pretended Prophet — 1534314637] 630 
63. The Perfian Yefdegird — — — 1534414638] 631 


64. The Sun, Moon, and all the Planets in Libra, : 

Sept. 14, as feen from the Earth oe 
65. The Art of Printing difcovered — — ) — [6153|5447|1440 
66. The Reformation begun by Martin Luther — — '623¢h55§ 2411517) 


In fixing the year of the Création to the 7o6th Ase of the 
year of the Fulian Period, which was the 4007th certain. 
year before the year of Curist’s Birth, I have fol- 
lowed Mr. Bedford in his Scripture Chronology, ». 
printed A. D..1730, and Mr. Kennedy in a work — 
of the fame kind, printed A. D, 1762,—-Mr. Bed- 
ford takes it only for granted that the World was 
created at the time of the Autumnal: Equinox 3 
but. Mr. Kennedy affirms that the faid Equinox was‘. 
at the noon of the fourth. day, of ,the Creation-_ 
week, and that the Moon was ‘then 24.hours patt..., 
her Oppofition to the Sun.—If \Wo/es had told us: 
the fame things, we fhould have had ‘fufficient data 
for fixing the 4ira of the Creation :. but, as he has, 
been filent on thefe points, we muft confider. the. 
beft accounts of Chronologers as entirely hypo-— 
thetical and uncertain. 
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Tasie VI., Shewing the, Days of the Months 
for both Stiles by the Dominical Letters, 


Week-Day. C}.D 
Oy : 3 
10 
January 31 17 
October 31 24. 
31 
‘ay 5 fi 
Feb. 28229 14 
March 31 21 
November 30 28 
Lak 4 
| 11 
April 30 18 
July 31 25 
aaa i 
8. 
Ig: 
Auguft 31 22.) 
‘ ie) 
bees) 12 s 
September 36 19 
~ -}December 31 26 | 
; ‘i 
: 9 
: 16 
May 31 23 
30 
6 
13 
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A Defcription of the Aftronomical “Machinery Serving 


to explain and illufirate the foregoing part of this 
Treatife. a pe 


397. PY AHE Orrery. This Machine thews the 

- Motions of the Sun, Mercury, Venus,. 
Earth, and Moon ; and occafionally, the fuperior 
Planets, Mars, Jupiter, and Saturn, may be put 
on; Jupiter’s four Satellites are rhoved round him. 


_ in their proper times by a:fmall Winch; and Sa- 


The Sun. 


The Eclip- 
tic. 


Mercury. 


Venus, 


turn has his five Satellites,, and his Ring which 
keeps it’s Parallelifm round the Sun; and by a 
Lamp put in the Sun’s place, the Ring fhews all 
the Phafes defcribed in the 204th Article, ~~ 
Inthe Center, No. 1. reprefents the Sun, fup- 


ported by it’s Axis inclining almoft 8 Degrees: 


from the Axis of the Ecliptic; and turning round; 
in 25~ days on it’s Axis, of which the North Pole 
inclines toward the 8th Degree of Pifces in the 
great Ecliptic (No. 11.) whereon the Months and 
Days are engraven over the Signs and Degrees in: 
which the Sun appears,. as feen from the Earth, on: 
the different days of the year. *. 
“ The neareft Planet (No. 2.) to the Sun is Mer= 
cury, which goes round him:in 87 days 23 hours, 
or 8722 diurnal rotations of. the Earth ; but has. 
no Motion round it’s Axis in the Machine, becaufe 
the time-of it’s diurnal Motion in the Heavens is 
not known to us. 

The next Planet in order is Venus (No. 3.) which 
performs her annual Courfe in 224 days 17 hours 5 


and turns round her Axis in 24 days 8 hours, or’ 


in 24+ diurnal rotations of the Earth. Her Axis 
inclines 75 Degrees from the Axis of the Ecliptic,. 
and her North Pole inclines towards the 20th De- 


gree of Aquarius, according to the obfervations of — 


Bianchini.. 


— es a 


{ 
The Orrury deferibed, 384 
Bianchini. She thews all the Phenomena defcribed 
from the 3oth to the 44th Article in Chap. I. 

Next without the Orbit of Venus is the Earth, TheEarth, 
(No. 4.) which turns round it’s Axis, to any fixed 
point at a great diftance, in 23 hours 56 minutes 
4 feconds, of mean folar time (§ 221, & /eg.) but 
from the Sun to the Sun again in 24 hours of the 
fame time. No. 6. is a fydereal Dial-Plate under 
the Earth; and No. 7. a folar Dial-Plate on the 
cover of the Machine. The Index of the former 
fhews fydereal, and of the latter, folar time; and 
hence, the former Index gains one entire revolu- 
tion on the latter every year, as 3665 folar or natu- 
ral days contain 366 fydereal days, or apparent re= 
volutions of the Stars. In the time that the Earth 
makes 365+ diurnal rotations on it’s Axis, it goes 
once round the Sun in the Plane of the Ecliptic ; 
and always keeps oppofite to a moving Index 
(No. 10.) which fhews the. Sun’s apparent daily 
change of place, and alfo the days of the months. 

The Earth is half covered with a black cap, for 
dividing the apparently enlightened half next the 
Sun from the other half, which when turned away 
from him is in the dark. The edge of the cap re- 
prefents the Circle bounding Light and. Darknefs, and 
fhews at whac time the Sun nifes and fets to all 
places throughout the year. The Earth’s Axis in-. 
clines 233 Degrees from the Axis of the Ecliptic, 
the North Pole inclines toward the beginning of 
Cancer, and keeps it’s Paralleliim throughout it’s 
annual Courfe, § 48, 202; fo that in Summer the, 
northern parts of the Earth incline towards the 
Sun, and in Winter from him: by which means, 
the different lengths of days and nights, and the 
caufe of the various feafons, are demonftrated to 
fieht. 

There is a broad Horizon, to the upper fide of 
which is fixed a Meridian femicircle in the North 
and South Points, graduated on both fides from 
the Horizon to 90° in the Zenith, or vertical Point. 

Co The 


The ORRERY deferibea. 
The edge of the Horizon, is. graduated ‘from tlie 
Faft and Weft to the South.and North Points, and 
within thefe Divifions are the Points of the Compafs. 
From. the lower fide of. this thin Horizon-Plate 
ftand out.four {mall Wires,. to which is. fixed a 
Twilight-Circle.18 Degrees from the graduated 
fide of the Horizon all, round. . Fhis Fiorizon 
may be put upon the Earth (when the cap.is taken 


away), and rectified to the Latitude of any place: 


The Moon.. 


The Nodes. 


and then, by a {mall Wire called she Solar Ray, 


which may be put on fo as to proceed directl from. 


the Sun’s Center towards the Earth’s, but. to come 
no farther than almoft to touch the Horizon. The 
beeinning of Twilight, time of Sun- -rifing, with 


his.. Amplitude, Meritias Altitude, Time of » 


Setting, Amplitude then, and End. of Twilight, 


are fhewn.for every day of the year, at chat Plage’ 


to which the Horizon is rectified. - 

The Moon (No. 5.) goes round the ae gos 
between it and any fixed, point at a,great diftance, 
in 27 days 7 hours 43 minutes, or through,all the 


Signs and Degrees of her ilies which 1 is called 


ber Periodical. Revolution; but fhe goes round from 
the Sun to the Sun again, or from Change to 
Change, in 29 days 12 hours 45 minutes, which 
is he te dical Revolution, and in that time the 
exhibits all the’ Phafes already deferibed, §, 255s. 
When the ‘above-mentioned Horizon is rectified 


to the Lat itude of any given place, the Times of 


the Mosh ’s tiling and detting, together with her 
Amplitude, aré thewn to that place as well as the 
Suin’s § Sd all the various Phenomena. of . the 


Harvett- Moon, $273, & Jéq. are made obvious 


to fight. ?e.,, ; 
The Moon’s orbit (No, Q.), is inclined to the 
cliptic, (io. 11.) one half being above, and the 
other below. it.” The Nodes,.or Points at o and o, 
- lie in the.Plane of the Ecliptic, as defcribed § 317, 
318, and fhift backward through all it’s Sines and 


Degrees in 18% years... The Degrees of. the Moon’s 


. Latitude,, 


ee ee ‘ 
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Latitude, to the higheft at WL (North Latitude) 
and loweft at § Z (South Latitude) are engraven 
both ways from her Nodes ato and o; and, as the 
Moon rifes and falls in her Orbit according to it’s 


inclination, her Latitude and Diftance from her: 


Nodes are fhewn for every day ; having firft rect” 


fied her Orbit fo as to fet the Nodes to their proper 


places in the Ecliptic: and then, as they come 


about at different, and almoft oppofite times of the - 


year, § 319, and point twice towards the Sun, all 
the Eclipfes may be fhewn for hundreds of years 
(without any new rectification) by, turning the 
Machinery backward for time paft, or forward for 
time to come. At 17-Deprees diftance from each 
Node, on both fides, is engraved a fmall-Sun ; ‘and 
at 12 Degrees diftance, a fmall’ Moon; which 
fhew the limits of folar and lunar Eclipfes, § 317: 
and when, at any change, the Moon falls between 
either of thefe Suns and the Node, the Sun will be 
éclipfed on the day pointed to by the Annual-In- 
dex (No. 10.) and as the Moon has then North or 
South Latitude, one may eafily judge whether that 
Eclipfe will be vifible in the Northern or Southern 
Hemilphere ; efpecially as the Farth’s Axis in- 
clines toward the Sun or from him at that time. 
And when, at any Full; the Moon falis between 
either of the little Moons and Node, fhe will be 
eclipfed, and the Annual-Index fhews the day of 
that Eclipfe. “There is a Circle of 29% equal parts 
(No. 8.) on the cover of the Machine, ‘on which 
an Index fhews the days of the Moon’s age.’ 
_Aifemi-ellipfis and femi-circle are fixed to an ellip- 


PLATE 


aikree ; yee IX, 
tical ring, which being put, like a cap upon the rig. x. 


Earth, and the forked part Fupon the Moon, fhéws 
the Tides as the Earth turns round within them, and 
they are led’ round it by the Moon. When'the 
different places come to the femi-ellipfis 42 E 2 B, 
they have Tides of Flood and when they comé 
to the femicircle C ED, they have Tides of Ebb, 


Cc 3 NB 045, 


Another 


ORRERY, 


Px, VI. 
Fig. I, 


The ORRERY defcribed. 


§ 304, 3053 the Indexon the Hour-Circle (Nooy.) » 
fhewing the times of thefe Phenomena, 29) 


There is a jointed Wire, of which one end:being 


put into a hole in the-upright ftem thatyholds:the . 
Farth’s cap, and the Wire laid into a fmall forked 


piece which may be occafionally put upon Venus 
or Mercury, fhews the direét and retrograde Mo« 
tions of thefe two Planets, with their ftationary 
Times and Places as feen from the Earth. 


The whole Machinery is turned by a winch or 
handle (No. 12.) and is fo eafily. moved,: that..a 
clock might turn it without any danger of {topping.. 


To give a Plate of the wheel-work of this Ma- 
chine, would anfwer no purpofe, becaufe maay of 


the wheels lie fo behind others as to hide them from — 


fight in any view whatfoever. 


398. Anotber ORRERY. In this Machine, which 


is the fimpleft I ever faw, for fhewing the diurnal 
and annual motions of the Earth, together with 
the motion of the Moon and her Nodes, 4 and B 
are two oblong fquare Plates held together by four 
Upright pillars; of which three appear atfjgs and 
g2. Under the Plate 4 is an endlefs {crew on the 
Axis of the handle b, which works in a wheel fixed 
on the fame Axis with the double-grooved wheel 
E> abd-on the top of this Axis is fixed the toothed, 


“wheel which turns the pinion.4, on ‘the top:of 


whofe Axis is the pinion #2 which:turns another 


‘pinion 62, and that other turns a third, on the 


Axis @ 2‘of which is the Earth U turning round; 
this laft”Axis inclining 232 Degrees. ‘The wfup- 
porter X 2) in which the Axisiof the Earth:turns, 
is fixed to the moveable Plate C.. ni died 


+ Tn the° fixed Plate By beyond Hj 1s. xed. the 
{trong wire d, on which hangs the Sun Y, fo as.at 


may turnround the wire. Tothis Sunis fixedthe 


wire or folar ray Z, which (as the Earth U turns 
round it’s Axis) points to all the places that the 
Sun pafies vertically over, every day of the year. 

, 3 The 
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‘The Earth is half covered with.a black. cap a, .as 
in the former Orrery, for dividing the day from 
the night 5 and, as the different places come out 
from below the edge of the cap, or go in below 
it, they fhew the times. of Sun-rifing and. fettin 
every day of the year. This cap is fixed on the 
wire 6, which has a forked piece C turning round 
the wire d: and, as the Earth goes round the Sun, 
it carries the Cap, Wire, and folar Ray round him ; 
fo that the folar Ray conftantly points towards the 
Earth’s Center. 
» Onjthe Axis of the pinion & 1s the pinion m, 
which. turns.a wheel on the cock or dupporter #, 
and on the Axis of this wheel neareft # is a pinion 
(hid from view) under the Plate C, which pinion 
turns a wheel that carries the Moon ¥ round the 
Earth U; the Moon’s Axis rifing and falling in the 
focket 7, which is fixed to the triangular piece 
above Z ; and this piece is fixed to the top of the 
Axis of the laft-mentioned wheel. The focket W 
is flit on the outermoft fide; and in this flit the 
two pins near Y, fixed in the Moon’s Axis, Move 
up and down; one of them being above the in- 
clined Plane 2X, and the other below it... By this 
mechanifm, the Moon V moves round the, Earth 
f in the inclined Orbit g,. parallel, to the Plane.of 
the Ring 2X; of which the Defcending Nodeus 
at X, and the Afcending Node, eppofite; to, it, bug 
hid-by.thée fupporter aX awincic? ctr 2h cig Hlodwe 
. The fmall wheel. Z turns the large,wheels D and 
¥, of equalidiameters,. by cat-gui'ftrings croffing 
between them: and the Axes of thele two.wheels 
are cranked at G and H, above. the Plate B.,,,he 
upright. ftems of thefe cranks going through) the 
Plates, carry it over and over the, fixed, Plate 2, 
with.a motion which: carries the Earth U round the 
Sun T, keeping the Earth’s Axis always parallel 
to itfelf yor ftill inclining towards the left hand of 
the Plate’; and fhewing the viciffitudes of feafons, 
as defcribed in the tenth chapter. As the Earth 
| cae ZOCs 
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goes round the Stn, the pinion & coes ‘round* the: - 


wheel z;' for the Axis'of & never ‘touches the‘fixdd 
Plate ‘B, but turns ona wire fixed into the Plate @)* 

On the top 6f the crank Gis aa Index ZL; which’ 
goes ‘round the Circle m2 in’ the time! that! the 
Earth goes round the Sun, and’points to therdays. 
of the months ; which, ‘together with the namesof: 
the feafons, are marked in this Gireleps5 2G 
‘This Index has.a {mall grooved) heel Fi fixed 
upon it, round which, and’ the PlateZ, goes: a Cate. 
gut ftring croffing between them ;“and- by ‘this 
means’ the Moon’s inclined Plane: 20X with it?s’ 
Nodes is turned backward, for fhewing” the‘times 
and returns of Eclipfes,-§ 319,-920)-. 909 Go 

The following: parts ‘of’ this’ machine mut be 
confidered as diftinct from thofe already deferibed. 

Towards ‘the right hand, let S be! the Earth 
hung on'the'wire e, 7 ehidle is fixed into the’ Plate 
B; and let‘O'be the-Moon’fixed on the: Axis M, 
and turning round within the cap P, in whieh, and 
in the Plate C, the crooked wire 9 is*fixedi On 
the Axis M is-alfo fixed the Index-Kj-whiehy goes. 
round.a-Circle } 2, -divided -intov29# equal parts, © 
which .are the days: of the Moon’s: ages! but to” 
avoid confufion in the fcheme, itis only marked 


with the hunreral figures, 1.2 3/4, forthe Quarters: 


As the crank H carries this Moon’ round. the Earth 
5 insthe Orbit t,) fhe fhews all her Phafes ’byimeans- 
of the cap. P for the. different’ daysvof*het age, 
which «are: fhewns by. the: Index K ‘this Index, 
turning yuft as. the; Moon O,-does, demonftrates het 
turninxcround ‘her Axis, as the ttill keeps the: fame 
fide. towards-the HarvhsS; § 2629 18 BOAT TO 
Aky the? other endéof, the Plate Cya Moon Ngoes 
rousd an Earth: inthe Orbitp. Burthis Moan’s 
Axistisoftuck? ‘faft Into*the Plate C aS ap fothae 
neither Moon: nor Axis tean ‘turn: round; ahdas 
this’ Moon goes roundther‘Hatth, fhe’ fhews: eto 
all round ta me whieh’ Leviirth that if the» Moon: 
ey: tH ibe i oid. we Redes was 


eo 


ie 
" 
- 
9 
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was feen all round fromthe Earth in’a Lunation, 


fhe could not’turn round her Axis. 
“NOB. If) there were only the two wheels D ‘if 
BR with a\cat-gut fring over them, but not croffine 


between them, the seis of the Earth U would keep: 


it’s Parallélifm round the Sun 7, and fhew all thé 
feafons; as I ‘fometimes make “thefe’ Machines : 
and the Moon'O would go found the Earth's! 
fhewing’ ther’ Phafes as above; “as likéwife would 
the Moon W- found the Earth R ; ‘but then) neither 
could the ditrnal motion of the Earth U on it’s 
Axis ‘be’ fhewn, ‘ia in motion of the ey t. 
round , Barth 


ee rere, e. 


203° 


3901 i the’ year" 1% 6 I ahwites avery’ finite The Car- 


Machine; and ‘defctibed it’s‘ pérformance ina {mall dbahishibeh od 


Treatife upon the’ Phenomena of the *Harvett- 
Moony publi {hed in’ the year 1747. Timproved 
it foon after) by adding’ another*wheel, ‘and called 
it’ Tbe’ Calculator.” ‘Olt “may be -eafily made ‘by stn 
Géntlefizn who haa mechanical’Genius!) 9! 
The ereat flat Ring fupported by twelve pillars; 
and on which the twelve Signs with their refpective 
Degiées are? laid down, is the Ecliptic ; nearly9A 
the center of it is the Siin’ S fupported'by the ftrone 
crooked Wire’ 73 )"and* fromthe ‘San’ ‘proceéds!!a 


Wire W, called thé Solar Ray, pointing towards'th ap 


PLATE 
Vili, 


Fig. I, 


center of the Earth 2, which is’ furnithed with'a © 
moveable'Horizon Hj ‘together witha brafen’ Me- © 


ridian, ‘and’ Quadrant of Altitude’ Risa fmall ’ 


Ecliptic,' whote’ Plane co-incides with ‘that! of the | 


great “one,” and thas the like Signs and Deotees' 


marked upon’ its and is’ fapported by two’ ‘Wires? 


D and D, which ate put’into thé'Plate PPybut may 


be taken Of" avipledfure: WAs the’ Eatth gees round” 


the Sun; the Sighs ofthis:fmall! ‘Circleskéep iparalz 
lél'to’themfelvespand’to thofe of! the great’ Eclip-_ 


tic)’ When-it is tileen Soff)! andthe: folar. Ray 7 
drawn fartherout; fo as: alot towucli the Hori- 


gon nd, ‘or the‘ Quadrant of Altittide, the’ Horizon 
being 
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being rectified'to any given Latitude, and the Earth 
turned round it’s‘Axis by hand, the point of the 
Wire W thews the Sun’s Declination in paffing over 
the graduated brafs Meridian,. andhis height at 
any given time upon the Quadrant of Altitude, to- 
gether with his Azimuth, or-Point of bearing upon 
the Horizon at that time; and likewife:his Ampli- 
tude, and time of rifing and fetting by the Hour- 
Index, for any day of the year thatthe Ainnual-In- 
dex U points toin the Circle of Months below the 
Sun. 41s aSolar-Index or Pointer fupported by the 
wire L which is fixed into the knob K : the-ufe.of 
this Index is to fhew the Sun’s place. in thei Eclip- 


tic every day in the year; for it goes over the Signs 


and Degrees as the Index U goes over the Months 
and Days; or rather, as they pafs under the Index 
U, in moving the cover plate with’ the Earth and 
it’s Furniture round the Sun’;. for the Index U>is 
fixed. tight on the immoveable Axis in the Center 
of the Machine. K is a knob or handle for mov- 
ing the Earth round the Sun, and the Moon round 
the Earth. Tt ab lta 
As the Earth is carried round. the Sun, it’s Axis 
conftantly keeps the fame oblique direction, or 
parallel to itfelf, § 48, 202, fhewing thereby the 
different lengths of days and nights ‘at different 
times of the: year, with -all the various: feafons. 
And, in: oneannual revolution ofthe Earth, the 
Moon M goes 124-times round it from Change.to 
Change, having an occafional provifion for thew- 
ing -her different Phafes. .The lower end of the 
Moon’s' Axis bears’ by a fmall friction wheel wpon 


the inclined. Plane Z, which caufes.the: Moon.to 


rife above and fink below the Ecliptic R in every duu- 


Nation ;°croffing'it-in her Nodes, which thift-backs 


ward through all the Signs and Degrees of the faid 
Ecliptic,.by the retrograde Motion of the inclined 
Plane 7, in 18 years and 225 days.; On-this Plane 
the Degrees, and Parts ‘of the Moon’s'North-and 
South Latitude are laid down from both the Nodes; 
sats Yap) | one 
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one of which, viz, the Defcending Node, appears — 


at o, by D N above B, the other Node being hid 


from Sight. on this Plane by the. plate PP; and 


from both Nodes, at proper diftances, as in the 
other Orrery, the limits of Eclipfes are marked, 
and,all the folar and lunar Eclipfes are fhewn in 
the fame manner, for any given year, within the 
limits of 6000, either before or after the Chriftian 
Jéra. On the plate that covers the wheel-work, 
under the Sun S, and round the knob K, are Aftro- 
nomical Tables, by which the Machine may be rec- 
tified toithe beginning of any given year within 
thefe limits, in three or four minutes of time; and 
when once fet right, may be turned backward for 
300 years palt, or forward for as many to come, 
without. requiring any new rectification. There 
is a method for it’s adding up the 29th of Febru- 
ary every fourth year, and allowing only 28 days 
to that month for every other three: but all this 
being performed by a particular manner. of cut- 
ting the teeth of the Wheels, and dividing the 
the Month-Circle, too long and intricate to be 
defcribed here, I fhall only thew how thefe mo- 
tions may be performed near enough for common 
ufe, by wheels with grooves and cat-gut ftrings 
round them; only here 1 muft put the Operator 
in mind, that the grooves are to be made fharp 
(not round) bottomed, to keep the. firings from 
flipping. fi 
-The-Moon’s Axis moves up and down: in the 
focket NV-fixed into the bar O (which ¢arries her 
round the:Earth) as fhe rifes above or finks below 
the Ecliptic);. and immediately below the inclined 
Plane is aflat circilar plate (between andi 7) 
on which the different Excentricities ofthe Moon’s 
Orbit are laid:down; and likewife:her:mean ‘Ano- 
maly and elliptic Equation, by which her: true 
Place may be very nearly found atany time. Be- 
low this Apogee plate, which fhews the Anomaly, 
&c, is a Circle 2 divided into 29% equal parts, 
| 5 which 
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which are the days of ‘the Mooi’s age :' and the 
forked end’ of ‘thé“Index 4B (Fig: 11.) may-be 


put into the apogee part” of this plate Pe there bel! | 
ing juft fuch another Index to put into the inclined’ 


Plane’T at’ the’ “Afcending: ‘Node’; and then’ the 
curved:points B of thele Indexés fthew* the’ dire& 
Motion ‘of the’Apogée, and retropade Motion ‘of 


_ the Nodes’ through’ the Ecliptie «R; with ‘their 


Placeés in it’ at any ‘given’ time. A$ ‘the’ Moon‘ AE 
goes round the Earth £, fhe fhews her Placeé every 


day in the Ecliptic R, and the lower end of her’ 


Axis thews her Latitude and Diftance from Her Nodé 


on the inclined Plane 7, alfohér Diftance'froni her | 


Apogee’ and: Perisee, tooether with her mean AnioL 
maly,'the then’ Excentricity of her Orbit, and ‘her 


_ elliptic Equation, all ‘on’ the" Apogee: plate, and 


the Day’of her’ Age in the Circle 'Y of'29% equal 
parts; for every 'day of the-year’’pointed out by 
the Annual-Index U in the Circle of months.)'! “ 

Having rectified the Machine by’the Tables for 
the beginning of any ‘year, ‘move the Earth and 
Moon forward by the knob XK, -until the Annuals 
Index comes'to any'given day of the month; then’ 
ftop, and not only’all the above Phenomena may 
be thewa' for that day, but alfo} by turning the 
Easth roundiit’s Axis, the Declination, Azimuth; 
Amplitude; Alteade of the Moon “at any hour; 


and the ‘Timesiof her rifing and fetting, are thewn 


by the Horizonj@uadrant of Altitude, and Hour- 
Index. And in moving the Earth round thé Sun, 
the daysrof allethe'New and Full Moons and Eclip- 
{esiin any ‘given year are fhewn!) ‘The Phenomena 
of the: Harveft:Moon, and thole of the ‘Tides, by 
{uch a cap’ as’ that in Plate IX. Fig. 10. put Upon 
the Barth and Moon, together with the folution of 


many problems “not’‘here related, are madetcone 


{picuous, mowiwe | 


The eafieft, though not the beft way, that Tecan 


inftruft-any mechanical perfon to make the wheel- 


work of duch ‘a machine, is as follows ; 4vhich is. 
(eva \ 2g the 


| 
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the way that I madevit, before I. thoneht of num- 
bets: exact enough ‘to makelit.worth | the stent 
of cutting teeth in the wheels. > «10 

Fig. 3dof Plate VIII. is.a febtion: ‘6 this Ma- eal 
chine; in which ABCD is a frame of wood held Fig. 11k, 
together by four pillars at the corners, whereof two 
appearjat 4C and BD.° Inxhedower:Plate CD of 
this frame areithree {mall friction-wheels, | at equal 
diftances from each other; two of.them appearing 
ateande. As the frame is moved round,-thefe 
wheels run upon the fixedvbottom Plate EB; which 
foppaets the whole work. : 

Inthe. center of ‘this laft-mentioned Plate i 18 axed 
the upright Axis GFF, and on the {ame Axis is 
fixed the Wheel HAH, in which are four Grooves, 
I, X, k, Lof different diameters. In thefe Grodvés 
are cat-cut ftrings G01 alfo round the edit 
Wheels AZ, Nj O.and. P.. 

The Wheel Mis fixed on a folid Spirtdle. or Aistiby 
the\ lower pivot of which turns at R in the under 
Plate, of the: moveable frame 48C Ds; and on'the 
upper end of this Axis is fixed. the Plate oo\(which 
is PP, under the. Earth, in Big.)1) andro this) 
Plate is: fixed, at\an Angle of 23% Degrees incli- 
mation, the Dial-plate below the’ Earth T'y.on\ the! 
Axis of which, thepIndex g.1s turned/round:by the. 
Earth. This Axis, together -witho then W heel Ady 
atid Plate oo; keep their Paketieaneyt in gong ied S 
the Sun 8, | ! 

On the Axis of the Wheel. Mi isija ainvineiteh 
focket, on: which the imall Wheel, Nis ixed, «and! 
on the upper end of this focket us putiomtight (but 
fo as it may be occafionally turned by hand} the: 
bar ZZ (viz, the bar Ovin Figwn4 which scarries 
the Moon m round the Earth T, by the focket 2; 
fixed into the bar.. As the Moon goes round the 
Earth, her Axis rifes and falls in the focket 2; be- 
eaule, on the lower end of her Axis, which is fuirned 
inward, there is a .fmall friction Wheel 5 running 
on the inclined Plane X (which is Zin Fig. 1.) and 
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fo: caufes the Moon alternately to rife above and 


Sinks below the little Ecliptic VV (R in Fig. 1.) in 
every Lunation. ei) Ci mebs abe Mrapm ye TE) tke 

On the focket or hollow axis of the Wheel N, 
there is another focket, on which the Wheel.O is 
fixed; and the Moon’s inclined Plane X is put 
tightly on the upper end of this focket, ‘not.on a 
fquare, but on around, that it may be occafion- 
ally fet by hand without wrenching the Wheel.or 


. Axle. 


Laftly, on the hollow Axis of the Wheel O’is 
another focket, on which is fixed the Wheel P, and 
on the upper end of this focket is put on tightly 


the Apogee plate 2 (that immediately below Tin | 


Fig. 1.) All thefe Axles turn in the upper Plate 
of the moveable frame at 2; which Plate is co- 
vered with the thin Plate cc ({crewed to it). where= 


on are the fore-mentioned Tables and Month-Cir- 


cle in Fig. 1. Coe i 0 ae 
The middle part of rhe thick fixed Wheel HAH 
is much broader than the reft of it, and comes out 
between the Wheels MZ and O almoft to the Wheel 
N. Toadjuft the diameters of the Grooves.of this 
fixed Wheel to the Grooves of the feparate Wheels 
4, N, O and P, fo as they may perform their mo- 
tions in the proper times, che following method 
~ The Groove of the Wheel M, which keeps the 
Parallelifm of the Earth’s Axis, mutt be precifely 
of the fame Diameter as the lower Groove J of the 
fixed Wheel HHH, but, when this Groove is fo 


well adjufted as’to fhew, that in ever fo many. an- 


nual revolutions of the Earth, it’s Axis keeps it’s 
Parallelifm, as may be obferved ‘by the folar Ray 
W (Fig. 1.) always coming precitely to the fame 
Degree of the {mali Ecliptic R at the end of every 
annualrevolution, when the Index M points-t0 the 
like Degree. in the great Ecliptics then, with the 
edge of a thin File, give the Groove of the Wheel 
(4aimall rub all round, and, ‘by that means let 


{ening 


4 
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fening the Diameter of the Groove perhaps about 
the 20th part of a hair’s breadch, it will caufe. the 
Earth to fhew the Preceffion of the Equinoxes ; 
which, in many annual revolutions,. will begin to 


be fenfible, as the Earth’s Axis deviates flowly from. 


it’s Parallelifm, § 24,6, towards the antecedent Signs 
of the Ecliptic. _ a aa 
_. The Diameter of the Groove of the Wheel N, 
which carries the Moon round the Earth, mutt be 
to the Diameter of the Groove X, as a Lunation is 
to. a year; that is, as 29% to 3652. : 

_The Diameter of the Groove of the Wheel O, 
which turns the inclined Plane X with the Moon’s 
Nodes backward, muft be to the Diameter of the 
Srrpove f,.2S 20.10 Leen OAM. rh Uy bon: 
_. Laftly, the Diameter of the Groove of the Wheel 
P, which carries the Moon’s Apogee forward, mutt 
be to the Diameter of the Groove L, as 70,to 62, 
_ But, after all this nice adjuftment of the Grooves 
to the proportional times of their refpective Wheels 
turning round, and which feems to, promife very 
well in Theory, there will ftill be found a necef 
fity of a farther adjuftment by hand; becaufe pro- 
per allowance muft be made for the. Diameters of 
the cat-gut ftrings: and the Grooves muft. be fo 
adjufted by hand, as, that in the time the Earth js 
moved once round the Sun, the Moon; muft per- 
form 12 fynodical revolutions round.the Earth, and 
be almoft 11 days old in her 13th revolution.;, The 
inclined Plane with it’s Nodes. muft go once round 
backward through all the Signs and Degrees of the 
{mall Ecliptic in 18 annual revolutions.of the Earth, 
and 225 days over.. And the Apogee, plate mutt 
go once round forward,. fo as it’s Index may.go 
over all the Signs and Degrees of the {mall Eclip- 
tic in eight years (or fo many annual revolutions 
of the Earth) and 312 days over. 

NN. B. The ftring which goes round the Grooves 
A and WN for the Moon’s Motion muft crofs be- 
tween thefe wheels; but all the reft of the ftrings 
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ip in ‘theit refpective Cinta, Z M, k 0; ‘and rs P) 
without crofling. « Se aan IOS Sek 
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TheCoue- ? 400. The ae Sire hig’ curious” Me 
Banre eine théws ‘the’ Motion ‘of ‘a\Conjet’ or excentric 
Body f moving round the Sun, ‘defcribing g equal areas 
in equal times, § 152, and may be’fo ‘contrived as 
to fhew fuch a. Motion for any Degree | of Excen- 
tricity. fe: was invented iby the” date. Dr. Dasa 
GULIERS. 
PLATE The dark efliptibal Grdove: round the: letters 
Fie. 1V- abe defg bi kim isthe Orbit'of the ComerY: this 
Comet is carried round’ in’ the Groove,’ according 
to the order of letters, by the Wire W fixed inthe 
Sun S, and flides on the Wire as’ it approaches 
nearer to or recedes farther from the Sun, being 
neareft of all in the Perihelion 2, and fartheft in 
the Aphelion g. The areas 25d, DSc, ¢Sd, &c. 
or contents of thefe feveral Triangles, are all equal ; 
and in every.turn of the Winch N the Comet 2 ts 
carried over one of thefe areas ; confequently in as 
‘much time as it moves from / to g,°or from g to b, 
it moves from #to.¢,.or from ato b; and fo. of 
the. reft, being quickeft of all at 2, and fowelt at g. 
Thus, the Comet’s velocity in it’s Orbit continually 
decreafes. fromthe, Perihelion ¢ to the Aphelion yg ; 
and .inereafes.in.the fame proportion from g to a. — 
The elliptic Orbit is divided into 12 equal Parts 
or. Signs, .with. their. refpective Degrees, and fo is 


the Circle, nopgrstn, which reprefents a great — 


Circle in the Heavens, and to which the Comet’s 


motion is referred by a {mall knob on the point of © 


the wire W. . Whilft the Comet moves from f tog 
in it’s Orbit, it appears to move only about five 
degrees in this Circle, as is fhewn by the fmall knob 
on the end of the Wire Ws; but in the like time, 
as the Comet moves from m to a, or from 4 to J, 
it appears to defcribe the large fpace ¢m or vo in 
the Heavens, either of which {paces contains 120 
Degrees, or four Signs. Were ia Lear eny, 
0 
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of it’s Orbit greater, the greater ftill would be the 
difference of it’s Motion, and vice verfa. 
ABCDEFGHIKLM A isacircular Orbit for 
fhewing the equable Motion of a,Body round the 
Sun S, defcribing equal Areas 45 B, BSC, &c. in 
equal times with thofe of the Body 2 in it’s elliptical 
Orbit above-mentioned ; but with this difference, 
that the circular Motion defcribes the equal Arcs 
AB, BC, &c. in the fame equal times that the ellip- 
tical Motion defcribes the unequal Arcs ad, bc, &c. 
Now, fuppofe the two Bodies Y and 1 to ftart 
from the Points @ and 4 at the fame moment of 
time, and each having gone round it’s refpective 
Orbit, to arrive at thefe Points again at the fame 
‘inftant, the Body Y will be forwarder in it’s Orbit 
than the Body 1 all the way from a to g, and from 
AtoG; but 1 will be forwarder than Y through 
all the other half of the Orbit; and the difference 
is equal to the Equation of the Body 7 in it’s Ors 
bir. At the Points a, 4, and £, G, that is, in the 
Perihelion and Aphelion, they will be equal; and 
then the Equation vanifhes. This fhews why the 
Fguation of a Body moving in an elliptic Orbit, is 


added to the mean or fuppofed circular Motion — 


from the Perihelion to the Aphelion, and fubtra@- 
ed from the Aphelion to the Perihelion, in Bodies 
moving round the Sun, or from the Perigee to the 
Apogee, and from the Apogee to the Perigee in 
the Moon’s Motion round the Earth, according to 
‘the Precepts in the 353d Article; only we are to 
‘confider, that when Motion is turned into Time, 
at reverfes the titles in the Table of The Moon’s 
‘elliptic Equation. | 
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This Motion is performed in the following man- PLATE 
ner by the machine. 48C is a wooden bar (in aoc 


the box containing the wheel-work) above which 

are the Wheels D and £; and belowiit the elliptic 

Plates FF and GG; each Plate being fixed on an 

Axis in one of it’s Focufes, at Hand K; and the 

Wheel £ is fixed on the fame Axis with the Plate 
. ja 


Bo 
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FR. Thefe Plates have Grooves round their edges 
_ precifely of equal diameters to one another, and im 
thefe Grooves is the cat-gut ftring gg, gg crofling 
between the Plates at b. On H, (the Axis of the 
handle or winch NV in Fig. 4th,) is an endlefs fcrew 
in Fig. 5, working in the Wheels D and E, whofe 
numbers of teeth being equal, and fhould be equal 
ro the number of lines 25, 25, c§, &c. in Fig. 4, 
they turn round their Axes in equal times to one 
another, and to the Motion of the elliptic Plates. 
For, the Wheels D and £ having equal numbers 
of teeth, the Plate FF being fixed on the. fame 
Axis with the Wheel Z, and the Plate FF turning 
the equally big Plate G G by a cat-gut ftring round 
them both, they muft all go round their Axes in 
as many turns of the handle N as either of the 
Wheels has teethe a ed ge OP 
It is eafy to fee, that the end 4 of the elliptical 
Plate FF being farther from iv’s Axis than the 
oppofite end 7 is, mutt. defcribe a Circle fo. much 
the larger in proportion ;. and muft therefore move 
through fo much more fpace in the fame time; and 
for that reafon the end’d moves fo much fafter than 
the end’, although it. goes no fooner round the 
Center E.. But then, the quick-moving:end } of 
the Plate FF leads about the thort end’ K of the 
Plate GG with’ the fame velocity 5 and the flow 
moving end? of the Plate # F coming half round 
as to B, mutt then lead the long end & of the Plate 
‘GG as flowly about: So that the elliptical Plate — 
FF and it’s: Axis E move uniformly and equally — 
quick in-every part of it’s revolution; but the — 
elliptical Plate G G, together with it’s Axis K, mutt _ 
” -move very unequally in different parts of it’s revo- | 
- Jution; the difference being always inverlely as” 
the diftance of any point of the Circumference of 
GG from it’s Axis at I: or in other words, to in-_ 
‘ftance in two points, if the diftance K& be.four, — 
“five, or fix times as great as the diftance K 4, the 
Point & will move in that pofition four, five, or fix 
he oh times 
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tithes as faft as the Point & does; when the Plate 
GG has gone half round: and fo on for any other 
Excentricity or Difference of the Diftances K& and 
Kh, The tooth z on the Plate FF falls in between 
the two'teeth at & on the Plate GG, by which 
~ means the revolution of the latter is fo adjufted to 
that of the former, that they can never vary from 
one another. | 

On the top of the Axis of the equally-moving 
Wheel D, in Fig. sth, is the Sun § in Fig. 4th; 
which.Sun, by the Wire Z fixed to it, carries the 
Ball 1 round the Circle 4BCD, &c. with an equa- 
ble Motion, according to the order of the letters: 
andron the top of the Axis K of the unequally- 
moving Ellipfes GG, in Fig. sth, is the Sun S in 
Fig. 4th, carrying the Ball 2 unequally round in 
the elliptical Groove acd, &c. “N.B. This ellip- 
tical Groove muft be -precifely equal and fimilar 
to the verge of the Plate GG, which is alfo equal 
to that of FF. reat e 

In this manner, Machines may be made to fhew 
the true Motion of the Moon about the Earth, or 


of any Planet about the Sun; by making the ellip- 


tical Plates of the fame Excentricities, in propor- 
tion to the Radius, as the Orbits of the Planets are, 
whofe Motions they reprefent ; and ‘fo, their dif- 
ferent Equations in different parts of their Orbits 
may be made plain to fight; and clearer Ideas of 
thefe Motions and Equations acquired in half an 
hour, than: could be gained from reading half a 
day about fuch Motions and Equations, 
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401, The IMprovep Crrestrat Groge. On The im- 
the North Pole of the Axis, above the Hour-Circle, Pe" ** 


9 LESTIAL 


is fixed an Arch MK A of 233 Degrees; and at Groz:. 


the end H is fixed an upright pin AG; which 
ftands dire@ly over the North Pole of the Ecliptic, 
and perpendicular to that part of the furface of the 


Globe. On this pin are two moveable Collets at py 
D and #7, to which are fixed the quadrantal. Wires vig, ui, 


a*s N and 
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Nand O, having two little Balls on their ends for the 
Sun and Moon, asin the Figure. The Collet Dis 
fixed to the circular Plate F, whereon the 297 days — 
of the Moon’s age are engraven, beginning juft 
under the Sun’s Wire NV; andas this Wire is moved 
round the Globe, the Plate F turns round with it. 
‘Thefe Wires are eafily turned, if the fcrew G be | 
flackened ; and when they are fet to their proper 
places, the {crew ferves to fix them there fo, as in 
turning the Ball of the Globe, the Wires with the 
Sun and Moon go round with it; and thefe two 
little Balls rife and fet at the fame times, and on 


- the fame points of the Horizon, for the day to 


which they are rectified, as the Sun and Moon do 
in the Heavens. mn 
~ Becaufe the Moon keeps not her courfe in the 
Ecliptic (as the Sun appears to do) but has a De- 
clination of 5% Degrees on each fide from it in 
every Lunation, § 317, her Ball may be {crewed 
as many Degrees to either fide of the Fcliptic as 
her Latitude or Declination from the Ecliptic 
amounts to at any given time; and for this pur- 
pofe 8 is a fmall piece of pafteboard, of which the 
curved edge at § is to be fet upon the Globe at 
right Angles to the Ecliptic, and the dark line over 


§ to ftand uptight upon it. From: this line, on 


the convex’ édge, are drawn the 54 Degrees of the 


To rectify 
it, 


‘Moon’s Latitude! on both fides of the Ecliptic 5 
and when this piece is fet upright on the Globe, — 
i?’s graduated edge reaches to the Moon on the 
Wire O, by which means the is eafily adjufted to 
her Latitude found by an Ephemeris. : 

The Horizon is fupported by two femicireular 
Arches, becaufe Pillars would {top the progres of 
the Balls when they go below the Horizon in an 
oblique {phere. : 

To reétify this Globe. Elevate the Pole to the 
Latitude of the Place; then bring the Sun’s place 
in the Ecliptic for the given day to the brafen Me-— 
ridian, and fet the Higur-Index to XII at noon, — 

| si sei that 
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that is, to the upper XII on the Hour-Circle ; 
keeping the Globe in that fituation, flacken the 
fcrew G, and fet the Sun directly over his place on 
the Meridian; which done, fet the Moon’s Wire 
under the number that exprefles her age for that 
day on the Plate F, and fhe will then ftand over 
her place in the Ecliptic, and fhew what Conftel- 
lation fhe is in. lLaftly, faften the fcrew G, and 
laying the curved edge of the pafteboard S over 
the Ecliptic below the Moon, adjuft the Moon to 
her Latitude over the graduated edge of the pafte- 
board ; and the Globe will be rectified. | 

_ Having thus rectified the Globe, turn it round, I's ufe. 
and obferve on what points of the Horizon the 
Sun and Moon Balls rife and fet, for thele agree 
with the points of the Compafs on which the Sun 
and Moon rife and fet in the Heavens on the given 
day ; and the Hour-Index fhews the times of their 
rifing and fetting; and likewife the time of the 
Moon’s pafling over the Meridian. 

The fimple Apparatus fhews all the varieties 
that can happen in the rifing and fetting of the Sun 
and Moon; and makes the forementioned Pheno- 
mena of the Harveft-Moon (Chap. xvi.) plain to 

f the'Eye. Icis alfo very ufeful in reading Lectures 
on the Globes, becaufe a largé company can fee 
- this Sun and Moon go round, rifing above and fet- 
‘s ting below the Horizon at different times, accord- 
ing to the feafons of the year; and making their 
-appulfes to different fixed Stars. But in the ufual 
_-way, where there is only the places of the Sun and 
Moen in the Ecliptic to keep the Eye upon, they 
are eafily loft fight of, unlefs they be covered with 
m Patches. “oy 
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402, The Pranerary Guiose. In this Ma- The Pra- 
chine, J is a terreftrial Globe fixed on it’s Axis agit 
{tanding upright on the Pedeftal CD E, on which PL. Vil. 
is an Hour-Circle, having it’s Index fixed on the seine 
Axis, which turns fomewhat tightly in the Pedeftal, 


Dd 3 fo 
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fl rs ar 


406 


The PLANETARY Guose deferibed.’ 


fo that the Globe may not be lable to fhake; to 
prevent which, the Pedeftal is about two Inches — . 


thick, and the Axis goes quite through it, bearing 
ona fhoulder. The Globe is hung in a graduated 
brafen Meridian, much in the ufual way and the 


thin Plate N, NE, E is a moveable Horizon, gra- 
duated round the outer edge, for fhewing the Bear-— 


ings and. Amplitudes of the,Sun, Moon, and Pla: 
nets. The brafen Meridian is grooved round the 
outer edge; and in this Groove is a flender femi- 
circle of brafs, the ends of which are fixed to the 
Horizon in its North and South Points: this femi-; 


circle flides in the Groove as the Horizon is moved © 


in rectifying it for different Latitudes. To the 
middle of the femi-circle is fixed a Pin, which al- 
ways keeps in the Zenith of the Horizon, and on 
this Pin, the Quadrant of Altitude g turns; the 
lower end of which, in all pofitions, touches the 
Horizon as it is moved round the fame. This 


Quadrant is divided into 90 Degrees from the Ho-. 


rizon to the zenithal Pin on which it is turned, at 
go. The great flat Circle or Plate 4 Bis the Eclip- 


tic, on the outer edge of which the Signs and De- 


erees are laid down; and every fifth Degree is 


drawn through the reft of the iurface of this Plate. 


towards it’s Center. On this Plate are feven 
Grooves, to which feven little Balls are adjufted by 
fliding Wires, fo that they are eafily moved in the 
Grooves, without danger of ftarting out of them. 


The Ball next the terreftrial Globe 1s the Moon, 


the next withoutzit is. Mercury, the next Venus, 
the next the Sun, then Mars, then Jupiter, and 
laftly Saturn; and in order to know them, they 
are feparately ftampt with the following Charaéters ; 


3, 9,8, ¢,u, hb. This Plate or Ecliptic is 


@; ‘ ; 

{upported by four flrong Wires, having their lower 
ends fixed inro the Pedeftal, at C, D, and Z, the 
fourth being hid by the Globe. The Ecliptic is 


‘inclined 23% Degrees to the Pedeftal, and is there- 


_ fore 


~ 
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_ fore properly ‘nclined to the Axis of the Globe 

which ftands upright on the Pedeftal. oe “he 
To reétify this Machine. Set the Sun, and all the To rettify 

planetary Balls, to their geocentric places in the 

Ecliptic for any given time, by an Ephemeris 

then fet the North Point of the Horizon to the 

Latitude of your place on the brafen Meridian, 

and the Quadrant of Altitude to the South Point 

of the Horizon ; which done, turn the Globe with 

its Furniture till the Quadrant of “Altitude comes 

right againft the Sun, viz. to his place in the Eclip- 

tic; and keeping it there, fet the Hour-Index to 

the XII next the letter C; and the Machine will 

be rectified, not only for the following Problems, 

but for feveral others, which the Artift may eafily 

find out. 


PROBLEM IL. 


To find the Amplitudes, Meridian Altitudes, and times 
“of rifing, culminating, and etting, of the Sun, 
Moon, and Planets. : 


Turn the Globe round eaftward, or according to It’s ufo 
the order of Signs 5 and as the eaftern edge of the 
‘Horizon comes right againft the Sun, Moon, ot any 
‘Planet, the Hour-Index wiil fhew the time of it’s 
rifing ; and the inner edge of the Eclipric will cut it’s 
rifing Amplitude in the Horizon. ‘Turnon, and as 
the Quadrant of Altitude comes right againit the 
Sun, Moon or Planets, the Ecliptic cuts their me- 
Kidian Altitudes in the Quadrant, and ‘the Hour- 
Index fhews the times of ‘their coming to the Me- 
ridian. Continve turning, and as the weftern edge 
of the Horizon comes right againft the Sun, Moon, 
or Planets, their ferung Amplitudes are cut in the, 
Horizon by the Ecliptic; and the times of their 
fetting are fhewn by the Index on the Hour- 
Circle. | 
Dd4 PR Q- 


The Tra- 
yECTORI- 
um Lu- 


AWARE, 
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PROBLEM I. 


fr, o find the Altitude and Azimuth of the Sut vis 
and Planets, at any time of their being above the 
ihe , 


Turn the Globe till the Index comes to. Ee 
given time in the Hour-Circle; then keep the 
Globe fteady, 4nd moving the Quadrant of Alti- 
tude to each Planet refpectively, the edge of the 
Fcliptic will cut the Planet’s mean Altitude on the 
Quadrant, and: the Quadrant will cut the Planet’s 
Azimuth, or Point of Bearing on the Horizon, 


PROBLEM I. 


The Sun’s Altitude being given at any time either be 
fore ar after Noon, to find the Hour of the Day, 
and the Variation of the Compafs, in any er 
Latitude, 


~ With one hand hold the edge of the oie ean 
right againft the Sun; and, with the other hand, 
turn the Globe weltward, if it be in the forenoon, 
or eaftward. if. it’ be -in the afternoon, until the 
ae s place. at the, inner, edge of the. Ecliptic cuts 

the Quadrant in the Sun’s ‘obferved Altitude ; and 
then the Hour,Index. will, Point out the time of 


the day, and the Quadrant will cut the true Azi- 
-muth, or Bearing. of, the Sun. for that time: the 
arel Merit on ae between which, and the bearing fhewn 


by the Azimuth Compafs, fhews the Variation of 
the Compafs in that place of the Earth. 


403. The TrajecTorivm Lunare. This Ma- 


chine is for delineating the Paths of the Earth and’ 


Moon, fhewing what fort of Curves they make in 
the ethereal regions ; and was juft mentioned in 
wae 
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the 266th Article. Sis the Sun, and E the Earth, pr (ATE 


whofe Centers are 81 Inches diftant from each ,. 
other; every Inch anfwering toa Million of Miles,» 
§ 47. Mis the Moon, whofe Center is 4 parts 
of an Inch from the Earth’s in this Machine, this 
being in juft proportion to the Moon’s diftance 
_ from the Earth, § 52. 4 is a Bar of Wood, to 

‘be moved by hand round the Axis g which is fixed 
in the Wheel 2% The Circumference of this 
Wheel is to the Circumference of the {mall Wheel 
L (below the other end of the Bar) as 3657 days 
is to 29¢3; or as a Year is to a Lunation. The 
Wheels are grooved round their edges, and in the 
Grooves is the cat-cut {tring GG crofling between 


_ the Wheels at_X. ‘On the Axis of the Wheel 7 


is the Index F, in which is fixed the Moon’s Axis 
_ M for carrying her round the Earth £ (fixed on 
the Axis of the Wheel L) in the time that the In- 
dex goes round a Circle of 294 equal parts, which 
are the days of the Moon’s age. The Wheel 7 
has the Months and Days of the year all round it’s 
Limb; and in the Bar 47 is fixed the Index. J, 
which points out the Days of the Months anfwer- 
ing to the Days of the Moon’s age, fhewn by. the 


Index F, in the Circle of 29% equal parts aty the 
other end of the Bar. On the Axis of the. Wheel. 


281i 


Lis put the piece D, below the Cock Cyin Ayhich., 
this Axis turns round; and in D are put 'the- Pen-. 
cils ¢ and m, directly under the Earth E and ‘Moon. 


M; fo that m is carried round ¢, as is round &. 


av. 


Lay the Machine on an even Floor, preffing ¢ gently It’s ufe. 


on the Wheel 7, to caufe it’s fpiked Feet (of whic 


_twovappear at P and P, the third being fuppofed | 


to be’hid from fight by the Wheel) enter’ a little 
into the Floor to “fecure the Wheel from turning. 
Then lay a paper about four fect long under the 
Pencils e and m, crofs-wife to the Bar: which done, 
move the Bar flowly round the Axis g of the Wheel 
ys and, as the Earth # goes round the Sun S, the 
foon M will go round the Earth with a duly pro- 
portioned 


410 


v8 The TipE-Dit. deferibed. 


: portioned velocity ; and the friction Wheel YW run- 


ning on the Floor, will keep the Bar from bearing 


~~. too heavily on the Pencils ¢ and m,\ which will de- 
Jineate the Paths of the Earth and Moon, as in 


Fic. 2d, already defcribed at large, § 266, 267. 


As the Index J points out the Days of the Months, 


the Index F fhews the Moon’s age ‘on thefe Days, 
an the Circle of 29% equal parts. And as this laft 


Index points to the different Days in) it’s Circle, 


the like numeral Figures may be fet to thofe parts 


of the Curves of the Earth’s. Path and Moon’s, 
swhere the Pencils eand m are, at thofe times re- 


‘e to’bring them to the fame diftances again, though » 


{pedtively, to thew the places of the Earth and 


Moon. If the Pencil ¢ be pufhed a very little off, 


4s if from ‘the Pencil m, to about 3's part of ‘their 


diftance; and the Pencil m pufhed as much towards 


‘not to the fame points of fpace; then, as m goes 
-yound e; e will go as it were round, the Center of 
Gravity between the FEarth e and Moon m, §298: 


-but this Motion will not fenfibly alter the Figure - 


‘of the: Earth’s Path or the Moon’s. 


If a Pin, as p, be put through the Pencil m, with 
ss head towards that of the Pin g.in the Pencil e, 
it?s head will always keep thereto as m goes round 


¢, or as the fame fide of the Moons fill obverted 
‘to the Earth. © But. the Pin p, which may be con- 
-fidered as an equatorial Diameter of the Moon, 
-will turn quite round the Point m, making all pof- 


‘The Ti DES ' 


DIAL. 


fible Angles with the Line of it’s Progrefs, or Line ; 
of the Moon’s Path. This is an’ ocular proof of 4 


the Moon’s turning round her Axis. ded. 


404. The Trpz-Drat. The outfide parts of © 
this Machine confitt of, 1. An eight-fided Box, on 
‘the top of which at the corners 1s fhewn the Phales 
of the Moon at the Octants, Quarters, and Full. — 
“Within thefe is a Circle of 29% equal parts, which — 


se 


‘are the days of the Moon’s age accounted from the — 
-Sunat New Moon, round to the Sun again. Within » 
EH Fey 7 this 
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this Circle.is one of 24 hours divided into their re- 
fpective Halves and Quarters. 2. A moving el- 
liptical. Plate, painted blue, to reprefent the rifing 
of the Tides under and oppofite to the Moon; 
and has the words, High Water, Tide falling, Low 
Water, Tide rifing, marked upon it. To one end 
of this Plate is fixed the Moon M by the Wire W, 
and goes along with it. 3. Above this elliptical 
Plate is a round one, with the Points of the Com- 
pafs upon it, and alfo the names of above 200 places 
in the large Machine.(but only. 32 in the Figure, 
to avoid confufion) fet over thofe Points on which 
the Moon bears when fhe raifes the Tides to ‘the 
greateft heights at thefe Places twice in every lunar 
day: and to the North and South Points of this 
Plate are fixed two Indexes J and K, which fhew the 
times of High Water, in the Hour-Circle, at all 
thefe places. 4. Below the elliptical Plate are four 
{mall Plates, two of which project out from below 


it’s ends at New and Full Moon ; and fo, by length- 


ening the Ellipfe, fhew the Spring Tides, which 
are then raifed to the greateft heights by the united 
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attractions of the Sun and Moon, § 302. The qwsur, 


other two of thefe fmall Plates appear at low water 
when the Moon is in her Quadratures, or at the 
fides of the elliptic Plate, to thew the Neap Tides,; 
the Sun and Moon then acting crofs-wife to each 
other. Whenany two of thefe {mall Plates appear, 
the other two are hid; and when. the Moon is-in 
her Octants, they all difappear, there being neither 
Spring nor Neap Tides at thofe times. Within 
the Box are a tew Wheels for performing thefe 
Motions by the Handle or Winch H. 

Turn the Handle until the Moon M comes ta 
any given day of her age in the Circle of 29% equal 
parts, and the Moon’s Wire W will cut the time 
ef her coming to the Meridian on that day, in the 
Hour-Circle ;. the X]lf-under the Sun being Mid- 

-day, and the oppofite XII mid-night: then looking 
_ for the name of any given place on the round Plate 
. 3 | (which 


of.” 
ing ? 
be, 
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(which makes 294 rotations whilft the Moon M 

makes only one revolution from the Sun to the 
Sun again) turn the Handle till ¢hat place comes 
to the word High Water under the Moon, and the 
Index which falls among the Forenoon Hours will 
fhew the time of High Water at that place in the 
Forenoon of the given day: then turn the Plate 
half round, till the fame place comes to the oppo- 
fite High-Water Mark, and the Index will fhew 


the time of High Water in the Afternoon at that 


place. And thus, as all the different places come 


‘fucceflively under and oppofite to the Moon, the 
Indexes fhew the times of High Water at them in 


‘both parts of the day: and when the fame places - 


come to the Low-Water Marks, the Indexes fhew 


‘the times of Low Water. For about three days 


- before and after the times of New and Full Moon, 
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PLATE 
XI, 
Fig. VIII. 


the two fall Plates come out a little way from 


‘below the High-Water Marks on the elliptical 


Plate, to fhew that the Tides rife ftill higher about. 
thefe times: and about the Quarters, the other two 
Plates come out a little. from under the Low- 
Water- Marks towards the Sun and on the oppofite 
fide, fhewing that the Tides of Flood rife not then 
fo high, nor do the Tides of Ebb fall fo low, as at‘ 
other times. ; 
By pulling the Handle a little way outward, it 
is difengaged from the Wheel-work, and then the 
upper Plate may be turned round quickly by hand 
fo, as the Moon may be brought to any given day 
of her age in about a quarter of a minute: and by 
pufhing in the Handle, it takes hold of the Wheel- 
work again. 3 
- On AB, the Axis of the Handle H, is an endlefs 
Screw C, which turns the Wheel FE D of 24 teeth 


‘round in 24 revolutions of the Handle: this Wheel 
‘turns another O NG of 48 teeth, and on it’s Axis 


is the Pinion P Q of four leaves, which turns the — 
Wheel L. KI of 59 teeth round in 29% turnings or 
rotations of the Wheel FED, or. in 708 revolu-— 

tions — 
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gions of the Handle, which is the number of Hours 
in a fynodical revolution of the Moon. The round 
- Plate with the names of Places upon it is fixed on 
‘the Axis of the Wheel FED; and the Elliptical 
or Tide-Plate with the Moon fixed to it is upon 
the Axis of the Wheel L KJ; confequently, the 
former makes 29} revolutions in the time that the 
latter makes one. The whole Wheel FZ D, with 
the endlefs Screw C, and dotted part of the Axis 
of the Handle 4B, together with the dotted part 


of the Wheel O NG, lie hid below the large Wheel 


LKI. 

_ Fig. [Xth reprefents the under fide of the Ellip- 
tical or Tide-Plate abcd, with the four fmall Plates 
_ ABCD, EFGH, IKLM, NOP. upon it: each 
of which has two flits,as 77, SS, RR, UU, fliding 
on two Pins, as ~ fixed in the elliptical Plate. 
In the four fmall Plates are fixed four Pins, at 
W, X, Y, and Zs; all of which work in an elliptic 
Groove 0000 on the cover of the Box below the 
elliptical Plate; the longeft Axis of this Groove 


being in a right line with the Sun and Full Moon. | 


Confequently, when the Moon is in Conjunction 
or Oppofition, the Pins 7 and X thruft out the 
Plates 4BCD and IKLM a little beyond the 
ends of the elliptic Plate at d and 4, to fand e; 
whilft the Pins Y and Z draw in the Plates EP GH 
and NOP quite under the elliptic Plate to g and 
b. But, when the Moon comes to her firft or third 
Quarter, the elliptic Plate lies acrofs the fixed elliptic 
Groove in which the Pins work; and therefore the 
end Plates 4BCD and JIKEM are drawn in be- 
low the great Plate, and the other two Plates 
EFGH and NOPQ are thruft out beyond it to 


a@andc. When the Moon is in her Octants, the — 


Pins V, X, Y, Z are in the parts 0, 0, 0,0 of the 


_. elliptic Groove, which parts are at a mean between 


the greateft and leaft diftances from the Center ¢, 
and then all the four {mall Plates difappear below 
the great one. 

405% The 
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- 408. The Ecurpsarzon. » This Piece of. Mes 


chanifm exhibits the Time, Quantity, Durationy 
and Progrefs of folar Eclipfes, at all Parts of the 
arth. 


The principal parts of this Machine are, t. A 


terreftrial Globe / turned round it’s’ Axis B by the 
the Handle or Winch M; the Axis 2 inclines 23% 
Degrees, and kas an Index which goes round the 
Hour-Circle D in each rotation of the Globe. 2s 
A circular Plate FE, on the Limb -of which the 
Months and Days of the year are inferted. ‘This 
Plate fupports the Globe, and gives it’s Axis the 
fame pofition to thé Sun, or to a Candle properly 
placed, that the Earth’s Axis has to the Sun upon 
any day of the year, § 338, by turning the Plate 
till the given Day of the Month comes to the fixed 
Pointer, or Annual-Index G. 3. A crooked Wire 
#, which points toward the middle of the Earth’s 
enhghtened Dife at all times, and fhews to what 
place of the Earth the Sun is vertical at any given 
time. 4. A Penumbra, or thin circular Plate of 
brats I divided into 12 Digits by 12 concentri¢ 


Circles, which reprefent a Se€tion of the Moon’s 


Penumbra, and is proportioned to the fize of the 
Globe; fo that the fhadow of this Plate, formed 
by the S un, or a Candle placed at a convenient difs 
tance, with it’s: Rays tranfmitted through a convex 
Lens to make them fall parallelon the Globes 
covets exactly all thofe places upon. it that the 
Moon’s Shadow and Penumbra do on the Earth: 
fo that the Phenomena of any folar Echipfe may be 


fhewn by this Machine with Candle-light almoft as — 


wellas by the light of the Sun. 5. “An upright 
frame Hi/1 HH, on the fides of which are Scalés 
of the Moon’s. Latitude or Declination from the 
Ecliptic. To thefe Scales are fitted two Sliders K 
and A, with Indexes for adjufting the Penumbra’s 

enter to the Moon’s Latitude, as it is North or 
South Afcending or Defcending. 6. A folar Ho- 


rizon C, dividing the enlightened Hemifphere. of 


the 
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the Globe from that which is in the dark at any. 
given time, and fhewing at what places the general 
Eclipfe begins and ends with the rifing or-fetting 
Sun... 7. A Handle 4, which turns the Globe 
round it’s Axis by wheel-work, and at the fame time 
moves the Penumbra acrofs the frame by threads 
over the Pulleys L, L, Z, with a velocity duly pro- 
portioned to that of the Moon’s fhadow over the 
Earth, as the Earth turns on it’s Axis. And as 
the Moon’s Motion is quicker or flower, according 
to her different diftances from the Earth, the pe- 


numbral Motion is eafily regulated in the Machine | 


by changing one of the Pulleys. 


4 yv 


Lo rettify the Machine for ufe. The true time of % vettify 


New Moon and her Latitude being known by the 
“foregoing Precepts, § 353, ef feq. if her Latitude 
exceeds the number of minutes or divifions on the 
Scales (which are onthe fide of the frame hid from 
view in the Figure of the Machine) there can be 
no Eclipfe of the Sun at that Conjunction ; but if 
it does not, the Sun will be eclipfed to fome places 
of the Earth; and, to fhew the times and various 
appearances of the Eclipfe at thofe places, proceed 
in order as follows. , : 
0 rettify. the Machine for performing by the Light 
of the Sun> .1. Move the Sliders K K ull their In- 
dexes point to the Moon’s Latitude on the Scales, 
as itis North or South Afcending or Defcending, at 
~“that'time. 2. Turn, the Month-Plate £ till the 
~~ <day of the given New Moon comes to the Annual- 
“Index G.° 3. Unfcrew the Collar Va little on the 
“Axis of the Handle, to loofen the contiguous Socket 


“gn. which the threads that move the Penumbra are 


~ wourid ; and fer the Penumbra by Hand till it’s 
~ Centér‘conies, to the perpendicular thread in the 
“middle of the frame; which thread reprefents the 


“Axis of the Ecliptic. 4. Turn the Handle till the 
" Meridian of London on the Globe comes juft under 


it. 


the point of the crooked Wire F’; then ftop, and 
‘turn the Hour-Circle D by Hand till XIZ at Noon © 


comes 


Ik’s ufe, 
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cores to it’s Index, and fet the Penumbra’s middle 
to the thread. 5. Turn the Handle till the Hour- 
Index points to the time of New Moon in the Circle 
D; and holding it there, {crew faft the Collar N. 
Laftly, elevate the Machine till the Sun fhines 
through the Sight-Holes in the fmall upright Plates 
O, O on the Pedeftal ; and the whole Machine will 
be rectified. | 

To rectify the Machine for fhewing by Candle-light. 
Proceed in every refpect as above, except in that 
part of the laft paragraph where the Sun is men- 
tioned; inftead of which place a Candle before thé 
Machine, about four yards from it, fo as the fhadow 
of Interfection of the crofs threads in the mid- 
dle of the frame may fall precifely on that part of 
the Globe to which the crooked Wire F points : 
then, with a pair of Compafies, take the diftance 
between the Penumbra’s Center and Interfection 
of the threads; and equal to that diftance fet the 
Candle higher or lower, as the Penumbra’s Center 
is above or below the faid Interfection. Laftly, 
place a large convex Lens between the Machine 
and Candle, fo as the Candle may be in the Focus 
of the Lens, and then the Rays will fall parallel, 
and caft a {trong light on the Globe. 


7 


Thefe things done, which may be fooner than * 


exprefied, turn the Handle backward, until the 
Penumbra almoft touches the fide H Fof the frame; 
then turning it gradually forward, obferve the fol- 
lowing Phenomena. 1. Where the eaftern edge 
of the Shadow of the penumbral Plate / firft touches 
the Globe at the folar Horizon, thofe who inhabit 


the correfponding part of the Earth fee the Eclipfe 


begin on the uppermoft edge of the Sun, juit at 
the time of it’s rifing. 2. In that place where the 
Péenumbra’s Center firlt touches the Globe, the in- 
habitants have the Sun rifing upon them centrally 
eclipfed. 3: When the whole Penumbra juft falls 


_ upon the Globe, it’s weftern edge at the folar Ho- 
rizon touches and leaves the place where the Eclipfe. 


ends 


The Ecurpsareon defcribed. 


ends at Sun-rife on his lowermoft edge. Continue 
turning, and, 4, the crofs lines in the Center of the 
Penumbra will go over all thofe places on the 
Globe where the Sun is centrally eclipfed. 5, 
When the eaftern edge of the Shadow touches any 
place of the Globe, the Eclipfe begins there; 


when the vertical line in the Penumbra comes to ° 


any place, then is the greateft obfcuration at that 
place; and when the weftern edge of the Penum- 
bra leaves the place, the Eclipfe ends there; the 
times of all which are fhewn on the Hour-Circle; 
and from the beginning to the end, the Shadows 
of the concentric penumbral Circles fhew the num- 
bers of Digits eclipfed at all the intermediate times. 


6. When the eaftern edge of the Penumbra leaves | 


the Globe at the folar Horizon C, the inhabitants 
fee the Sun beginning to be eclipfed on his lower- 


moft edge at it’s fetting. 7. Wherethe Penumbra’s | 


Center leaves the Globe, the inhabirants fee the Sun 
fet centrally eclipfed. And laftly, where the Pe- 
numbra is wholly departing from the Globe, the 
inhabitants fee the Eclipfe ending on the upper- 
moft part of the Sun’s edge, at the time of it’s dif- 
appearing in ri Horizon. 


N. B. If any given day of the year on the Plite 


_E be MW to the Annual: Index G, and the Handle 


the point of the crooked Wire, and then the Hour 


Circle D fet by the hand tll XIf comes to it’s 
Index ; ; in turning the Globe round by the Handle; 
when the faid place touches the eaftern edge of 


tht Hoop or 'folar Horizon C, the Index fhews the 


time of Sun-fetting at that place; and when the 
place is juft coming out from below the other edge 
of the Hoop C, the Index fhews the time when 
the evening Twilight ends to it. When the place 
has gone through the dark part 4, and comes about 
fy as to touch under the back of the Hoop C, on 

Pings 38 - ; the 
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the other fide, the Index fhews the time when the 


Morning Twilight begins; and when the fame 
place is juft coming out from below the edge of 
the Hoop next the frame, the Index points out 


the time of Sun-rifing. And thus, the times of | 


Sun-rifing and fetting are fhewn at all places in one 
rotation of the Globe, for any given day of the 
year: andthe point of the crooked Wire F fhews 


all the places over which the Sun pafies vertically 
on that day. 
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CHAPTER XXIII 
ERs bohie- dee Reaycle 


Concerning parallaxes, and their ufe in general. 


I. HE * approaching tranfit of Venus over 
| the Sun has juftly engaged the atten- 
| tion of Aftronomers, as it is a pheno- 
menon feldom feen, and as the parallaxes of the 
Sun and planets, and their diftances from one ano- 
ther, may be found with greater accuracy by it, 

than by any other method yet known. « 
2. The parallax of the Sun, Moon, or any planet, 


is the diftance between it’s true and apparent place ~ 


in the heaven.—The true place of any celeftial ob- 
ject, referred to the ftarry heaven, is that in which 
it would appear if feen from the center of the 
Earth ; the apparent place, is that in which it ap- 
pears as feen from the Earth’s furface. | 
To explain this, let 4B DH be the Earth (Fig. r. 
of Plate XIV.) C it’s center, MZ the Moon, and 
Z XR anarc of the ftarry heaven. ‘To an obferver 
at C (f{uppofing the Earth to be, tranfparent) the 
Moon M will appear at U, which is her erie’ place 


* The whole of this Differtation was publithed in the begin- 
ning of the year 1761, before the time of the Tranfit, except 
the 7th and 8th Articles, which are addeq fince that time. ~ 


Eisc referred 
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referred to the ftarry firmament: but at the fame . 
inftant, to an obferver at /. the will appear at u, 
below her true place as among the ftars. The 
angle 4 MC 1s called the Moon’s parallax; and is 
equal to the oppofite angle U Mu, whofe meafure. 


~ 4s the celeftial arc Uu.—The whole Earth is but a 


point if compared with it’s diftance from the fixed 
ftars, and therefore we confider the ftars.as having 
no parallax at all. | Sige 

, 3. “The nearer: the objec is to the horizon, the 
greater is it’s parallax, the nearer it is to the ze- 
nith, the lefs. In the. horizon it is greateft of all, 
in the zenith it is nothine.—Thus let 4L ¢ be the 
fenfible horizon of an obferver at 4; to him the 
Moon at Lis in the horizon, ahd her parallax is the 
anele 4 LC, under which the Earth’s femidiameter 
AC appears as feen from her. This angle is called 
the Moon’s horizontal parallax, and is equal to the 
oppofite angle J Lt, whofé meafure is the arc TJ é 
in the ftarry heaven. As the Moon rifes higher 
and higher to the points a4, N, O, P in her diur- 
nal courfe, the parallactic angles U Mu, XN», 
Y Oy diminifh, and fo do the arcs Uu, Xx, Vy, 
which arg their meafures, until the Moon comes to 
P; and then fhe appears in the zenith Z/without 


any parallax, her place being the fame as feen from 


A on the Earth’s furtace, and from C it’s center. 
4. If the obferver at 4 could take the true mea- 
fure or quantity of the parallactic angle 4 LC, he 
might thereby find the Moon’s diftance from the 
cénter of the Earth. For then, in the plain tri- 
angle, LAC, the fide 4C, which is the Earth’s 
femidiameter, the angle 4 Z C, whichis the Moon’s 
horizontal parallax, and the right angle C.d2Z, 
-would be given. _ Therefore, by trigonometry, As 
athe tangent of the parallactic angle ZL C is to ra- 
dius, fo*is the Earth’s femidiameter 4C to the 
‘Moon’s diftance C Z from the Earth’s center C.— 
“But becaufe we confider the Earth’s femidiameter as 
- unity, and the logarithm of unity is nothing, fub- 
A Wat oe tk rat 
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tract the logarithmic tangent of the angle ALC 


from radius, and the remainder will be the loga~ 


rithm of CL, whofe number is equal to the num- 
ber of femidiameters of the Earth by which the 
Moon is diftant from the Earth’s center.—Thus 
fuppofing the angle 4LC of the Moon’s horizon- 
tal parallax to be 57° 18”. 


. From the radius — — — = 10.0000000 
‘Subtract the tangent of 57° 18” 8. 2219207 


And there willremain — —_ 1. 77807933 
which is the logarithm of 59.9955, the number of 
femidiameters of the Earth which are equal to the 
Moon’s diftance from the Earth’s center. Then, 
59.9955 being multiplied by 3985, the number 
of miles contained in the Earth’s femidiameter, will 
give 239,082 miles for the Moon’s diftance from 
the center of the Earth. | 

5. But the true quantity of the Moon’s horizon- 
. tal parallax cannot be accurately determined by ob- 
ferving the Moon in the horizon, on account of the 
inconftancy of the horizontal refractions, which 
always vary according to the ftate of the atmof- 
phere; and, at a mean rate, elevate the Moon’s 
apparent place near the horizon half as much more 
than as her parallax depreffeth it. And therefore, 
to have her parallax more accurate, Aftronomers 
have thought of the following method, which feems 
to be avery good one, but hath not yet been put 
in practice. ' 

Let two obfervers be placed under the fame, 
meridian, one in the northern hemifphere, and the 
other in the fouthern, at fuch a diftance from each 


other, that the arc of the celeftial meridian in- | 


cluded between their two zeniths may be at leaft 
80 or go degrees. Let each obferver take the dif- 
tance of the Moon’s center from his zenith, by 
means of an exceeding good inftrument, at the 
moment of her pafling the meridian: add thefe 
two zenith-diftances of the Moon together, and 

Fe 4 their 
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their excefs above the diftance between the twa 
zeniths will be the diftance between the two ap- 
parent places of the Moon. Then, as the fum of 
the natural fines of the two zenith-diftances of the 


' Moon is to radius, fo is the diftance between her 


two apparent places to her horizontal parallax: 
which being found, her -diftance from the Earth’s 
center may be found by the analogy mentioned in 


4. re io FG bal 

Thus, in Fig. 2. let V EC 9 be the Earth, 1/ the 
Moon, and Z4az an arc of the celeftial meridian. 
LetV be Vienna, whofe latitude E V is 48° 20’ norths 
and C the Cape of Good Hope, whofe latitude E C is 
34° 30 fouth: both which latitudes we fuppofe to 


be accurately determined before-hand ‘by the’ db- 


fervers. As thefe two places are on the fame me- 
ridianzVECs, and -in different hemifpheres, ‘the 
fum of their latitudes 82° 50’ is their diftance from ~ 
each other. Z is the zenith of Vienna, and-z the 
zenith of the Cape of Good Hope; which two zeniths 
are alfo 82° so’ diftant from each other, in the 
common celeftial meridian Zz. "To the obferver 
at Vienna, the Moon’s center will appear at a4 in 
the celeftial meridian; and at the fame inftant, to 

the obferver atthe Cape, it will appear at 6. Now 
fuppofe the Moon’s diftance Za from the zenith 
of Vienna to be 38° 1’ 53”; and her diftance <b 


from the zenith of the Cape of Good Hope to be 46° 


4-41: the fum‘-of thefe two zenith-diftances 
(2+ 2b) is 84° 6° 34°, from which fubtraé& 
$2° 50”, the diftance Z z between the zeniths of 
thefe two’ places; and there will remain 1° 16’ 34” 
for the arc 4a, or diftance between the two-appa- 
rent places of the Moon’s center, as feen from V and 


from €. ‘Then, fuppofing the tabular radius‘to be __ 


10000000, the’ natural fine of 38° 1° 53” (the are 
Za) is 6160816, and the natural fine of 46% 4’ 
4¥° (the arc 2) is 7202821: the fum of both thefe — 
fines is 13363637. Say therefore, As 13363637 
bi5t fe g Bau rcteath 6 : mets 


o * « 
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is to 10000000, fo is 1° 16’ 34”, to 57° 18”, which - 


is the Moon’s horizontal parallax. | 
If the two'places of obfervation be not exactly 


under the fame meridian, their difference of Tongi- 


tude muft be’accurately taken, that proper allow- 
ance may be made for the Moon’s declination whilft 
fhe is paffing from the meridian of the one to the 
meridian of the other. , , 
6. The Earth’s diameter, as feen from the Moon, 
fubtends an angle of double the Moon’s horizontal 
parallax; which being fuppofed (as above) tobe 
57° 18°, or 3438", the Earth’s’ diameter muft be 
1° 54° 36", or 6876”. When the Moon’s shori- 
zontal parallax (which is variable on account of 
the excentricity of her orbit) -is'57°\18", her dia- 
meter fubtends an angle 31 2”, or 1862°: there- 
fore, the Earth’s diameter is to the Moon’s diame- 
ter, as 68476 is to 1862; that is, as 3.69 is to 1. 
And fince the ‘relative bulks of {pherical bodies 
are as the cubes of their diameters, the Earth’s 
bulk is to the Moon’s bulk, as 49.4 1s to 1. 
soy. The parallax, and confequently the diftance 
and bulk, of any primary planet, might be found 
m the above manner, if the planet was near enough 
to the Earth, fo as to make the difference of it’s 
two apparent places fufficiently fenfible: but the 
neareft planet is too remote for the accuracy re- 
quired. Invorder therefore to determine the dif- 


tances and relative bulks of the planets with any. 


tolerable degree of precifion, we mutt have recourfe 
to a method lefs liable to error: and this, the ap- 
proaching tranfit of Venus over the Sun’s difc will 

afford us. | | 
8. From the time of any inferior conjunction of 
the Sun and Venus to the next, is 583 days 22 
hours 7 minutes. And, if the plane of Venus’s 
orbit were coincident with the plane of the ecliptic, 
fhe would pafs diretly between the Earth and the 
Sun at each inferior conjunction, and would then 
appear like a-dark round {pot on the Sun for about 
| , | 7 hours 


326 


The Method of finding the Diftances 
7 hours and. quarters. ButiVenus’s orbit (like 


the Moon’s) only interfects the ecliptic in two op- 


pofite points, called it’s Nodes. And therefore one 
half of it is on the north fide of the ecliptic, and 


the other on the fouth: on which account, Venus 
can never be feen on the Sun, but at thofe inferior 


conjunctions which happen in or near the nodes of 
her orbit. At all the other conjunctions, the ei- 
ther paffes above or below the Sun; and her dark 


fide being then towards the Earth, fhe is invifible. 
—The laft time when this planet was feen like a 
fpot on the Sun, was on the 24th of November haus 
_ Stile, in the year: 1639. Sircagt 


AUR ST iC Gan I ee as 23 


Shewing how to find the horizontal Pots) of Fue 


by obfervation, and from thence, by analogy, the 


parallax and diftance of the Sun, ana ii all. me, 


Planets from him. 4 


-g. In Fig. 4. of Plate XIV. let D Bidibes ake 
Earth, ¥ Venus, and J § RK the eaftern limb of the 
Sun. Toan obferver at B, the point ¢ of thatlimb 
will be on the meridian, it’s place referred to the 


heaven will be at £, and Venus will appear juft 
within it at S$. But, at the fame inftant,-to an ob- 


ferver at 4, Venus ‘is eaft of the Sun, inthe: right 


line AY F'; the point ¢ of ithe Sun’s limb appears 
at ¢ in the heaven, and if Venus were then vilible, 


fhe would appear at F. The angle CV 4 is the 
horizontal parallax of Venus,:which-we feek 5 and 
is equal to the oppofite angle FV; whofe mea- 


fure.is'the'arc FE“. ASC is the. Sun’s horizontal 


parallax, equal to.the oppofite angle e 5 £,..whofe 
meafure is the arce ZH: and F4e (the fame), as 
V Av) is Venus’s horizontal parallax from the Sun, 


_ which may be found by obferving how much later 


mn abfolute time her total ingrefs on the Sun is, as 
feen from 4, than as feen from B, which is the 
| time 


of the Planets from the Stn. 


time fhe takes to move from )/ to v in her orbit 
OV v.. not god t wath 

ro, It appears by the tables of Venus’s motion 
and the Sun’s, that at the time:of her enfuing tran- 
fit, fhe will move 4/ of a degree on the Sun’s dife 
in 60 minutes of time; and therefore fhe will move 
4 ofa degree in one minute of time. 

Now, let us fuppofe, that 4 is 90° weft of 8, 
fo that when it is noon at B, it will be VIin the 
morning: at 4; that the total ingrefs as feen from 
B is at 1 minute paft XII. but that.as feen from 4 
it is at 7 minutes. 30 feconds, paft VI: deduct,6 

~ hours for the difference of meridians of 4 and 8, and 
the remainder will be 6 minutes go feconds for the 
time by which the total ingrefs of Venus on the 
Sun at’S is later as feen from 4 than as feen from 
B: which time being converted into parts of a 
degree is 26”, or the arc F e of Venus’s horizontal 
parallax from the Sun: for, as 1 minute of time 
is to 4 feconds of a degree, fo is 6% minutes of 
time to 26 feconds of a degree. 
rr. The) times in which the planets, perform 
their annual revolutions about the Sun, are already 
known by obfervation.—From. thefe. times, and 
the univerfal power of gravity by which the pla, 
nets are retained in their orbits, it is-demonftrable, 
that if the Earth’s mean diftance from the Sun) Se 
divided into 100000 equal parts, Mercury's mean) 
diftance from the Sun mut be equal to 38710,0f 
thefe: parts——Venus’s mean diftance fromthe, Sung 
to 72333—Mars’s mean diftance, 152369--Jupi 
ter’s §20096—and Saturn’s, 954006.-/Therefore,) 
when the number of miles contained in, the mean 
-diftance of any planet from the Sun is known, “we 
we can, by thefe proportions, find the mean dal: 
tance in miles of all the reft. fi 28 bean 
12. At the time of the enfuing tranfit, the 
Farth’s diftance from the Sun will be 1015 (the 
mean diftance being here confidered as 1000) and 
Venus’s diftance from the Sun will be 726 (the 
| mean 
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mean Bika being confidered as 723) which difs 
ferences from the mean diftances arife from the 
elliptical figure of the planets orbits.—Suberact 
426 parts from 1015, and there will remain 289. 
parts for Venus’s diftance from the Earth: at. that 
time. 

13. Now, fince the horizontal parallaxes of the 
planets are * inverfely as their diftances from the 
Earth’s center, it is plain, that as Venus will jbe 
between the Earth and the Sun on the day of her 
tranfit, and confequently her parallax will be then 
greater than the Sun’s, if her horizontal parallax 
can be then afcertained by obfervation, the Sun’s 
horizontal parallax may be found, and _ confe- 
quently his diftance from the Earth,—Thus, fup- 
pofe Venus’s horizontal parallax fhould be found 
to be 36.3480; then, As the Sun’s diftance 1015 
is to Venus’s diftance 289, fo is Venus’s horizontal 
came 36°.3480 to the Sun’s horizontal parallax 

3493 on the day of her tranfit. And the dif- 
Re of thefe two parallaxes, viz. 25°.9987 
(which may be efteemed 26%) will be the quantity 
of Venus’s horizontal parallax from the Sun; 
which is one of the elements for projecting or de- 
lineating her tranfit over the Sun’s difc,: as ee 


‘appear further on. 


To find the Sun’s horizontal parallax at the time 


‘ef his mean diftance from the Earth, fay, As 1000 


parts, the Sun’s mean diftance. from the Earth’s 


center, is to 1015, his diftance therefrom on the 


'* To prove Eee let S be the Sun (Fig. 3 a V Vena B 
the Earth, C it’s center, and_4 Cit’s ferasdieacicr: The angle 


(AVE isthe horizontal parallax of’ Venus, and 4 S C the hori- 
adntal parallax of the Sun. But by the’ property of plain tri- 


angles, as the fine of AVC (or, of SV A it’s fuppliment to 
180°) is to the fine of ASC, fois dS to AV, and fois C$ 
to CV.—N. B. In all angles lefs than a minute of a degree, 


the fines, tangents, and arcs, are fo nearly equal, that they — 


may without error be ufed for one another. And here we 


make ufe of Gardiner’s logarithmic tables, becaufe they | have — 


the fines to every fecond of a degree. 


day 


ae 


_ 
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day of the tranfit, fo is 107.3493; his horizontal 
parallax on that day, to 107.5045, his horizontal 
parallax at the time of his mean diftance from the 
Earth’s center. 3 

14. The Sun’s parallax beino-thus (or any other 
way fuppofed to be) found, at the time of his mean 
diftance from the Earth, we may find his true dif 
tance therefrom, in femidiameters of the Earth, by 
the following analogy. As the fine (or tangent of 
fo fmall an arc as that) of the Sun’s parallax 
10”.5045 is to radius, fo is unity or the Earth’s 
femidiameter to the number of femidiameters of 
the Earth that the Sun is diftant from it’s center, 
which number, being multiplied by 3985, the 
number of miles contained in the Earth’s femidi- 
ameter, will give the number of miles by which the 
Sun ts diftant from the Earth’s center. | 
- Then, by § 11, As 100000, the Earth’s mean 
diftance from the Sun in parts, is to 38710, Mer- 
cury’s mean diftance from the Sun in parts, fo is 
the Earth’s mean diftance from the Sun in miles to 
Mercury’s mean diftance from the Sun in miles. — 
And, . 
_ As 100000 is to 72333, fois the Earth’s mean 


 diftance from the Sun in miles to Venus’s mean 
diftance from the Sun in miles.~-Likewife, 


~ As 100000 Is to 152369, fo is the Earth’s mean 
diftance from the Sun in miles to Mars’s mean dil- 


tance from the Sun in miles.—Again, 


“AS 100000 18 t0 520096, fo is the Earth’s mean 


 diftance from the Sun in miles to Jupiter’s mean 


diftance from the Sun in miles.—Laftly, © 


As-100000 js to: 954006, fo is the Earth’s mean 
diftance from the Sun in miles'to Saturn’s mean 


diftance from the Sun in miles. 
| And thus, by having found the diftance of any © 
one of the planets from the Sun, we have fufficient 


_ gata for finding the diftances of all the reft.—And 


a 


then, from ther apparent diameters at thefe known 
diftances, 
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diftances, their real diameters and bulks may be. 
found. | oe ae . 
45. The Earth’s diameter, as feen’ from the 

Sun, fubtends an angle of double the Sun’s hori- 
zontal parallax, at the time of the Earth’s .mean 
diftance from the Sun: and the Sun’s diameter, as 
feen from the Earth at that time, fubtends an angle © 
of 32° 2%, or 1922”. ‘Therefore, the Sun’s diame- 


ter‘is to the Earth’s diameter, as 1922 1s to 21.— 


And fince the relative bulks of fpherical bodies 
are as the cubes of their diameters, the Sun’s* bulk 
is to the Earth’s bulk, as 756058 is to1; fuppofing 
the Sun’s mean horizontal parallax to'be ro”.50, 
as above. shar eth Re ve 

16, It is plain by Fig. 4. that whether Venus 
beat U or V, or in any other part of the right line 
BY S, it will make no difference in the time’of her 
total inerefs on the Sun at S, as feen from B; but 
as feen from 4 it will. For, if Venus be at V, her 
horizontal parallax from the Sun is the arc Fe, 
which meafures the angle F 4¢: butif fhe be nearer 
the Earth, as at U; her horizontal parallax from the 
Sun is the arc fe, which meafures the angle f Ze; 


~ and thisiangle is greater than the angle F Ze, by 


the difference of their meafures fF. So that, as — 
the diftance of’ the ceéleftial object from the Earth 
is‘lefs, it’s parallax'is the greater. ‘ ‘Sid ahs Sade. 
“ry -To find the’ parallax of Venus by the above 


method; it is’ néceffary, 1: That the difference of 


meridians Of the two places of obfervation be go°. 
—42. That the time of Venus’s total ingrefs on the 
Sun be when ‘his eaftern limb is either on the me- 
ridian of-one of the places, or very near 1t.—And, 
3°' That each obferver has‘his clock exactly regu- 
lared'to ‘the’ equal time at his place. But as it 
might perhaps be difficult to find two places on 
the Earth fuited to the firft and fecond of thefe re- 
quifites, we fhall fhew how this important problem 
may be folved by a fingle obferver, if he -be exact 
| , | as 
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as'to his longitude, and has his. clock truly adjufted 
to the equal time at his place. 

18. That part of Venus’s orbit in which the will 
move during her tranfit.on the Sun, may be con- 
fidered as a ftraight line; and therefore, a plane 
may be conceived to pafs both through it and, the 
Farth’s center. To every place on “the Earth’s 
furface cut; by this plane, Venus willbe feen on 
the Sun in the fame path that fhe would defcribe 
as feen from the Earth’s center: and therefore, fhe 
will have no parallax of latitude, either north or 
fouth; but will have a greater or lefs parallax of 
longitude, as fhe is more or lefs diftant from the 
. meridian, at any time during her tranfit. 

Matura, a town and sep on the fouth. coaft of 
the ifland of Ceylon, will be in this plane at the 
time of Venus’s total ingrefs on the Sun; and the 
Sun will then be 62° cate of the meridian of that 
place. Confequently, to an obferver at Matura, 
Venus will have a confiderable parallax of longi- 
tude eaftward from the Sun, when fhe would ap- 
pear to touch the Sun’s eaftern limb, as feen from 
the Earth’s center, at which the Aftronomical tables 
fuppofe the obferver to be placed, and. give By 
times. as feen from thence, , 


Ig. According to thefe tables, Venus’s S eaalid ine 


orefs on the Sun will be 50 minutes after VIL in 
the morning, at Matura*, fuppofing, that, place, to 
be 80° eaft ‘longitude from the meridian of Londons 
which is the oblerver’s bufinefs to determine,:;, Let, 
us imagine. that,he finds it,.to, be.exactly fo, but 
- that to. him. the. total ingrefs 1 is.at VIL hours 55° 


minutes 46 feconds, which is 5 minutes, 46 feconds, 


later than the true calculated time,of total ingrefs, 
as feen from the Earth’s center. ‘Then, as Venus’s 


* The time oF ih te at London, as “tect from the. 


Earth’s center; is at 30 minutes after If in the morning; and 
if Matura be juft 80° (or 5 hours 20 minutes) eaft of London, 


when it is 30 minutes paft Il in the morning at London, it is’ 


50 minutes paft VII at Matura. 
motion 
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motion on (or towards, or from) the Sun is at thé 


- rate of 4 minutes of a degree in an hour (by § ro.) 


her motion muft be 23”.1 of a degree in 5 minutes 
46 feconds of time: and this 23”.1 1s her parallax 
eaftward, from her total ingrefs as feen from Ma- 
jura, when her ingréfs would be total if feen from 
the Earth’s center. mye . ie 
go. At VIL hours 50 minutes in the morning, 
the Sun is 62° from the meridian; at VI in the 
morning he is go? from it: therefore,’ as the fine 
of 62° is to the fine of 23%.1 (which is Venus’s 
parallax from her true place on the Sun at Vil 
hours 50 minutes) fo is radius, or the fine of go°, to 
the fine of 26”, which is Venus’s horizontal paral+ 
Jax from the Sun at VI. In logarithms thus: 


As the logarithmic fine of 62° 30% - - - 9.947928 
“Is to the logarithmic fine of 23.1 + -'- 6.0481510 | 
So is the logarithmic radius - -'= - - = 10.00000¢0 


— 


To the logarithmic fine of 26” very nearly 6.1002221 


Divide the Sun’s diftance from the Earth, rors, 
by his diftance from Venus 726 (§ 12.) and the 
quotient will be 1.3980; which being multiplied 
by Venys’s horizontal parallax from the Sun 26”, 


will give 36%.3480 for her horizontal parallax as 


feen from the Farth at that time.—Then (by § 13.) 


As the Sun’s diftance 1015 Is to Venus’s diltance 
289, fo is Venus’s horizontal parallax 36°.3480t0 , 


the Sun’s horizontal parallax 10°.3493.—lf Ve- 
nus’s horizontal parallax from the Sun-is found 
by obfervation to be greater or lefs than 26”, the 
Sun’s horizontal parallax muft be oreater or lefs 


than 10°.3493 accordingly. 


dr. And this, by a fingle obfervation, the’ pa- 


rallax.of Venus, and confequently the parallax of — 
the Sun, might be found, if we were fure that the — 
Aftronomical tables were quite correct ‘as tothe 


time of Venus’s total ingrefs on the Sun—Bot — 
although the tables may be fafely depended upon — 
se | for — 
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for fhewing the true duration of the tranfit, which 
will not be quite 6 hours from the time of Venus’s 
total ingrefs on the Sun’s eaftern limb, to the be- 
ginning of her egrefs from his weftern; yet they 
may perhaps not give the true times of thefe two 
internal contacts: like a good common clock, 
which though it may be trufted to for meafuring a 
few hours of time, yet perhaps it may not be 
quite adjufted to the meridian of the place, and 
confequently not true as to any one hour; which 
every one knows is generally the cafe.—Therefore, 
to make fure work, the obferver ought to watch 
both the moment of Venus’s total ingrefs on the 
Sun, and her beginning of egrefs from him, fo as 
_ to note precifely the time between thefe two in- 
ftants, by means of a good clock: and by com- 
paring the interval at his place with the true cal- 
culated interval as feen from the Earth’s center, 
which will be 5 hours 58 minutes, he may find the 
parallax of Venus from the Sun both at her total 
ingrefs and beginning of egrefs. 

22. The manner of obferving the tranfit fhould 
be as follows.—The obferver being provided with 
a good telefcope, and a pendulum clock well ad- 
jufted to the mean diurnal revolution of the Sun, 
and as near to the time at his place as conveniently 
may be; and having an affiftant to watch the clock 
at the proper times, he muft begin to obferve the 
Sun’s eaftern limb through his telefcope, twenty 
minutes at leaft before the computed time of Venus’s 
total ingrefs upon it, left there fhould be an error in 
the time thereof as given by the tables, 

When he perceives a dent (as it were) to be 
made in the Sun’s limb by the interpofition of the 


dark body of Venus, he muft then continue to. 


watch her through the telefcope as the dent in- 
creafes ; and his affiftant muft watch the time fhewn 
by the clock, till the whole body of the planet 
appears juft within the Sun’s limb: and the mo- 
ment when the bright limb of the Sun appears 

Ff clofe 
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clofe by. the eaft fide of: the dark limb of the pla- 


net, the obferver, having a little hammer in his” 


hand, is to ftrike a blow therewith on the table or 
wall; the moment of which, the affiftant notes by 
the clock, and writes it down. . EO nee 

Then, let the planet pafs on for about 2 hours 
59 minutes, in which time it will be got to the 
middle of it’s apparent path on the Sun, and con- 


fequently will then be at it’s leaft apparent dif- 


tance from the Sun’s eenter; at which time, the 
obferver-muft take it’s diftance from the Sun’s cen- 
ter, by means of a good micrometer, in order to 
afcertain it’s true latitude or declination from the 
ecliptic, and thereby find the places of it’s nodes. 
This done, there is but little occafion to obferve 


weftern limb, as almoft to touch it. ‘Then the 
obferver watches the planet carefully with his tele- 
{cope; and his affiftant watches the clock, fo as to 
note the precife moment.of the planet’s touching 


the Sun’s limb, which the affiftant knows by the 


obferver’s ftriking a blow with his hammer. _ 
23. The affiftant muft be very careful in ob- 


it any longer, until it comes fo near the Sun’s. 


ferving what minute on the Dial-Plate the minute- 


hand has paft, when he has obferved the fecond- 


hand at the inftant the blow was ftruck by the. 


hammer: otherwife, though he be right as to 
the number of feconds of the current minute, he 


may be apt to make a miftake in the number of | 


minutes, ( 


24. To thofe places where the tranfit begins be- - 


fore XII at noon, and ends after it, Venus will 
have an eaftern parallax from the Sun at,the be- 
ginning, and a weftern parallax from the Sun at 


the-end ; which will contract the duration of the | 


tranfit, by caufing it to begin later, and end fooner — 


at thefe places, than it does as feen from the Earth’s 


center 3 which may. be explained in the following i 


Manner.. 
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«1n Fig. 5. of Plate XIV. let BALA be the Earth, 
V Venus, and § the Sun. The Earth’s motion on 
it’s axis from weft to eaft, or in the direétion 
A MB, carries an obferver on that fide contrary 
- to the motion of Venus in her orbit, which is in 
the direction UV W, and will therefore caufe her 
motion to appear quicker on the Sun’s difc, than 
it would appear to an obferver placed at the Earth’s 
center C, or at either of it’s poles. For, if Venus, 
were to ftand ftill in her orbit at / for twelve hours, 
the oblferver on. the Earth’s- furface would jn that 
time be carried from 4 to 8, through the arc 
AMB.. When he was at'-4, he would fee Venus 
on the Sun at Rs. when at A4% he would fee her ar 
§&; and when he was at B, he would fee her at 7: 
fo that his own motion would caufe the planet to 
appear in motion on the Sun through thé line 
RST: which being in the direction of her appa- 
rent motion on the Suh as fhe moves in ‘her orbit 
UW, her motion will. be accelerated on the Sun 
to this obferver, juft as much as his own motion 


would fhift her apparent place on thé Sun, if fhe. 


were at reft in her orbit at 7. 

But as the whole duration of the tranfit, from 
firft to lait internal contact, will not be- quite fix 
hours; an obférver, who has the Sun on his meri- 
dian at the middle of the tranfit, will be carried 
only from @ to d during the whole time thereof, 
And therefore, the duration will be much lefs con- 
tracted by his own motion, than if the planet were 
to be twelve hours in paffing over the Sun, as feea 
from the Earth’s center. — 

25. The nearer Venus is to the Earth, the greater 
is her parallax, and the more will the true duration 
of her tranfit be contracted thereby; the farther 
fhe is from the Earth, the contrary: fo that the 
contraction will be in direct proportion to the pa- 


rallax. “ Therefore, by obferving, at proper places, . 


how much the duration of the tranfic is lefs than 
it’s true duration at the Earth’s center, where it is 
| 1h a 5 hours 
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hours 58 minutes, as given by the Aftronomical 
tables, the parallax of Venus will be afcertained. — 
26. The above method (§ 17, & /eg.) 1s much 
the fame as was prefcribed long ago by Dottor 
Elattey, but the calculations differ confiderably 
from his; as will appear in the next article, which 
contains a tranflation of the Doctor’s whole differ- 
ration on that fubject.—He had not computed his 
own tables when he wrote it, nor had he time 
“before-hand to make a fufficient number of obfer- 
vations on the motion of Venus, fo as to deter- 
mine whether the nodes of her orbit are at reft 
or no; and was therefore obliged to truft to other 
tables, which are now found to be erroneous. 


ART EC Lee oie 


Containing Doftor Haurey’s Differtation on the me- 
thod of finding the Sun’s parallax and diftance from 
the Earth, ‘by the tranfit of Venus over the Sun's 
Difc, June the 6th, 1761. Tranflated from the 

~ Latin in Motte’s Abridgment of the Philofophical 
Tranfattions, Vol. I. pag. 2433; with additional 
notes. 


‘There are many things exceedingly paradoxical, 
and that feem quite incredible to the illiterate, 
which yet by means of mathematical principles 
may be eafily folved. Scarce any problem will ap-- 
pear more hard and difficult, than that of deter~ 
mining the diftance of the Sun from the Barth 
very near the truth: but even this, when we are 
made acquainted with fome exact obfervations, 
taken at places fixed upon, and chofen before- 
hand, will without much labour be effected. And 
this is what 1 am now defirous to lay before this 
iluftrious Society * (which I foretell will continue 


Aftronomers, who may perhaps live to obferve 

* The Royal Society. { 
thefe 
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thefe things, the method whereby the immenfe dif- 
tance of the Sun may be truly obtained, to within 
a five hundredth part of what it really is. 

It is well known that the diftance of the Sun 
from the Earth is by different Aftronomers fup- 
pofed different, according to what was judged moft 
probable from the beft conjecture that each could 
form. Ptolemy and his followers, as alfo Copernicus 
and Tycho Brahe, thought it to be 1200 femidia- 
meters of the Earth: Kepler 3500 nearly; Ricciolus 
. doubles the diftance mentioned by Kepler, and He- 
wvelius only increafes it by one half. But the pla- 
nets Venus and Mercury having, by the affiftance 
of the telefcope, been feen in the difc of the Sun, 
deprived of their borrowed brightnefs, itis at length 
found, that the apparent diameter of the planets 
are much lefs than they were formerly fuppofed ; 
and that the femidiameter of Venus feen from the 
Sun fubtends no more than a fourth part of a 
minute, or fifteen feconds, whilft the femidiameter 
of Mercury, at it’s mean diftance from the Sun, 
is feen under an angle only of ten feconds ; that 
. the femidiameter of Saturn feen from the Sun 
appears under the fame angle, and that the 
femidiameéter of Jupiter, the largeft of all the 
planets, fubtends an angle of no more than a third 
part of a minute at the Sun. Whence, keeping 
the proportion, fome modern Aftronomers have 
thought, that the femidiameter of the Earth, feen 
from the Sun, would fubtend a mean angle between 
that larger one fubtended by Jupiter, and that 
{maller one fubtended by Saturn and Mercury ; 
and equal to that fubtended by Venus, (namely, 
fifteen feconds :) and have thence concluded, that 
the Sun is diftant from the Earth almoft 14000 of 


the Earth’s femidiameters. But the fame authors | 


have on another account fomewhat increafed this 
diftance : for, inafmuch as the Moon’s diameter is 
a little more than a fourth part of the diameter of 
the Earth, if the Sun’s parallax fhould be fuppoted 
| Buss fifteen 
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3 Mcon i is larger than that of Mercury 5, that is, that 


as it feems, are not fufficient to be ‘depended { upon: | 


jax, it will come out jometimes nothing, oreven | 
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fifteen feconds, it would follow, that the body. ofthe. | 


a fecondary planet would jbe. greater..than. a pri; . 
Oi which would feem inconfiftent with the uni- 
formity of the mundane fyftem., And on the con+ 
trary, the, fame regularity and uniformity. feems 
foarcely to, admit, that. Venus, an inferior planet, 
that has .no’ fatellite,, fhould be. greater than our 
Earth, which, ftands higher. i in the ‘fyftem, and has 
fuch a fplendid attendant. Therefore, to obferve 
a mean, let. us fuppofe,,the.femidiameter. of the 
Barth raul from the Sun, or, which is: the {ame 
thing, the Sun’s horizontal parallax, to be. twelve 
fecond sand a half, according to which, the Moon 
will be Jefs than, Mercury,,.and ‘the, Earth. Jarger 
than Venus ; and the Sun’s diftance from the for th 


_ will come out nearly. 16500 of the Earth’s femidia- 


meters. This. diftance Iaflent to at prefent, as | 
the true, one, till it fhall become certain what it is, — 
by. the experiment) which: 1 propofe.. Nor am I 
induced to,alter, my opinion by the authority of 
-thofe (however..weighty.it. may be) who are for | 
placing, the, Sun, at.an, immenfe diftance beyond the } 
bounds here afligned, relying on obfervations. made | 
upon’ the, vibrations of a pendulum, in. order to 
determine thofe exceeding {inall angles, but which, 


at leaft, by this method of inveftigating the paral- — 


negative; that is, the diftance would either become | 
infinite, or greater than tofinite ; which 18 abfurd. 
And indeed, to confefs the truth, it 1s hardly, po 1 
ible for a man to diftinguifh, with any degre Of | 
certainty, feconds, or even ten feconds, with inftru- | 
ments, let them be ever fo flulfully made : there- q 
fore, it is not at all to be wondered ar, . that. the 
exceffive nicety of this matter has eluded the many | 
and ingenious endeavours of fuch fkilful operators. 
About forty years ago, whilft I was in the ifland - 
of St. Helena, obferving the ftars about the oat | 
ry 4) 
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pole, I had.an opportunity of obferving, with the 
greateft diligence, Mercury paffing over the dife 
of the Sun; and (which fucceeded. better than I 
could have hoped for) I obferved, with the greatelt 
degree of accuracy, by means of a tclefcope 24 
feet long, the very moment when Mercury enter- 
ing upon the Sun feemed to touch it’s limb within, 
and alfo the moment when going off it, {truck the 
limb of the Sun’s difc, forming the angle of interior 
contaét: whence found the interval of time, during 
which Mercury then appeared within the Sun’s dilc, 
even without an error of one fecond of time. For the 
lucid Jiné intercepted between the dark limb of the 
planet and the bright limb of the Sun, although ex- 
ceeding fine, is feen by the eye; and the little dent 
made in the Sun’s limb, by Mercury’s entering the 
dife, appears to:vanith in a moment; and alfo that 
made by Mercury, when leaving the dilc, teems to 
begin in aninftant—When I perceived this, itam- 
mediately came into my mind, thatthe Sun’s parallax 
might be accurately determined by fuch kind of ob- 
fervationsasthefe; provided Mercury were butnearer 
to the Earth, and had a greater parallax from the 
Sun: but the difference of thefe parallaxes is. fo 
little, as always: to be Jefs, than the folar parallax 
‘which we feck; and therefore, Mercury, though 
frequently to be feen.on the Sun, is.not to be looked 
upon as fic for our purpote. 4 
There remains then the tranfit of Venus over 
the Sun’s difc; whole parallax, being almoft four 
times as great as the folar parallax, will caufe' very 
fenfible differences between the times in which 
Venus will feem. to be paffing over the Sun at dif- 
ferent parts of the Earth. And from thefe differ- 
ences, if they be obferved as they ought, the 
Sun’s parallax may be determined ¢ven toa {mall 
part of afecond. Nor do we require any other 
inftruments for this purpofe, than common tele- 
{copes and clocks, only good of their kind; and 
in the obfervers, nothing more is needful than fide- 
lity, diligence, and a moderate fkill in Aftronomy. 
EF f 4 . For 


439 


440 


8 be Method of jinding the Diftances 


For hens § is no need that the latitude of the place 
fhould be {crupuloufly obferved, nor that the hours 
themfelves fhould be accurately determined with 
refpect to the meridian: it is fufficient that the 
clocks be regulated according to the motion of 
the heavens, the times be well reckoned from 


the total ingrefs of Venus into the Sun’s difc, to. 


the beginning of her egrefs from it; that is, when 
the dark elobe of Venus firft begins to touch the 
bright: limb of the Sun within ; ‘which moments, 
1 know by my own experience, may be obferved 
within a fecond of time. 

But-on account of the very ftrict laws bi which 
the motions of the planets are regulated, Venus is 
feldom feen within the Sun’s dife: and during the, 
courfe of more than 120 years, it could not be 
feen once; namely, from the year 1639 (when this 
moft pleafing fight happened to that excellent 


youth Horrax our countryman, and to him only, — 


fince the creation) to the year 1761; in which 
year, according to the theories which we have 
hitherto found agreeable to the celeftial motions, 


Venus will again pafs over the Sun on the * 26th 


of May, in the morning ; ; fo that at London, about 
fix o’clock in the morning, we may expect to fee 
it near the middle of the Sun’s difc, and not above 
four minutes of a degree fouth of the Sun’s center. 
But the duration of this tranfit will be almoft eight 
hoprs ; namely, from two o’clock in the morning 
till.almoft tens» Hence the ingrefs will not be 
vifible in England ; but as the ‘Sun will at that 


time be in the 16th degree of Gemini, having al- 


moft 23 degrees north declination, it will be feen 
without fetting at all in almoft all parts of the 
north frigid zone: and therefore the inhabitants 
of the coaft of Norway, beyond the city of Nidrafa, 
which is called Drontheim, as far as the North 
Cape, will be able to obferve Venus entering the 
Sun’s difc; and perhaps the ingrefs of Venus upon 
* The fixth of Fuze according to the New Stile. t 

: the 
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the Sun, when rifing, will be feen by the Scotch, in 
the northern parts of the kingdom, and by the 


\ 


snhabitants of the Shetland Ijies, formerly called 
qbule. But at the time when Venus will be neareft 
the Sun’s center, the Sun will be vertical to the 
northern fhores of the bay of Bengal, or rather over 
the kingdom of Pegz, and therefore, in the adja- 
cent regions, as the Sun, when Venus enters his 
difc, will be almoft four hours toward the eaft, and 
as many to the weft when the leaves him, the 
apparent motion of Venus on the Sun will be acce- 
lerated by almoft double the horizontal parallax of 
Venus from the Sun; becaufe Venus at that time 
is carried with a retrograde motion from eaft to 
welt, whilft an eye placed upon the Earth’s furface 
is whirled the contrary way, from weit to eaft *. 
Suppofing 


_® This has been already taken netice of in § 24; but l 
fhall here endeavour to explain it more at large, together with 
fome of the following part of the Doétor’s Effay, by a figure. 
In Fig. 1. of Plate XV. let C be the center of the Earth, and 
Z the center of the Sun. Inthe right line Cv Z, make vZ 
to CZ as 726 is to 101s (§ 12.) Letacdd be the Earth, 
w Venus’s place in her orbit at the time of her conjuction with 
the Sun; and let 7 § U be the Sun, whofe diameter is 31° 42°. 
The motion of Venus in her orbit is in the direGtion Nw az, 
and the Earth’s motion on it’s axis is according to the order 
of the 24 hours placed around itn the figure. Therefore, fup- 
pofing the mouth of the Ganges to be at G, when Venus 1s at 
E in her qrbit, and to be carried from G to g by the Earth’s 
motion on it’s axis, whilft Venus moves from E toe in her 
orbit; it is plain, that the motions of Venus and the Ganges 
are contrary to each other. 
The true motion of Venus in her orbit, and confequently 
the fpace fhe feems to run over on the Sun’s difc in any given 
time, could be feen only from the Earth’s center C, which is 
at reft with refpect to it’s furface. And as feen from C, her 
path on the Sun would be in. the right line J+U; and her 
motion therein at the rate of four minutes of a degree in an 
hour. TJ is the point of the Sun’s eaftern limb which Venus 
feems to touch at the moment of her total ingrefs on the Sun, 
as feen from C, when Venus is at E in her orbit; and U is 
the point of the Sun’s weitern limb. which the feems to touch 
at the moment of her beginning of egrefs from the Sun, as 
feen from C, when fhe is at ¢ in her orbit. 
When 
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_ Suppofing the Sun’s, parallax »(as,.we have faid) 
tobe 123, the parallax.of Venus will be 43%; 
from which fubtracting the: parallax of the Sun, 


there will remain 30” at leaft. for, the horizontal 


parailax of Venus trom the Sun; and therefore the 
motion of Venus will ,be increafed 45” at leaft by 
that parallax, whilit the paffes over the Sun’s difc, 
in thofe elevations of the pole which are in places 
near the troptic, and. yet more in, the neighbour- 
hood, of, the equator. .. Now,, Venus. at, that time 
will move on ,the: Sun’s dife, very nearly at the 
rate of four minutes, of a degree in an hour; and 
therefore 11 minutes of time at leaft are to be 
allowed for 45°, or three-fourths. of a minute of 


_) a,decree; 


When the mouth of the Ganges is at m in revolving through — 
the are Gm g) the Sun is on it’s meridian. Therefore, fince~ 
G and gare equally diftant from m at the beginning and end- 
ing of the tranfit, it is plain that the) Sun will be as far eat 
_ of the meridian of the Gaxges (at G) when’the tranfit begins, 


as it will be weft of the meridian of the fame place (revolved 


from .G to @) when the tranfit ends. Aa o 

\ But although the beginning of the tranfit, or rather the 
moment of Venus’s total ingrefs upon the Sun at J, as feen 
fromthe Earth’s center, muft:be when Venus is at E in her 
orbit, becaufe fhe isthen feen ‘in’ the-direétion of the right ~ 
line CET; yet, at the fame inftant of time; as feen from the 
Ganges at G, fhe will be fhort cf her ingrefs on the Sun; being 
then feen eaftward of him, in the right’ linesGE K, which 
makes the angle KEY (equal to the oppofite angle GEC) 


with.the right line CEA:Y.. This angle is called the angle of — 


Veénus’s parallax: from the Sun, which retards the beginning 
of the tranfit as {een fromthe banks of the Ganges; fo'that 
the Ganges G muft advance a little: farther toward m, and 
Venus muft move on in her orbit from £ to R, ‘before the can 
be feen from G (in the right line GRY): wholly within the 
Sunts:dafc at Pitiss edad Bork alae tes Tiere 

‘When Venus comesto ¢.in her orbit, fhe will appear at U, 
_as {een\from the Earth’s center C, juft beginning to leave the 
Sun; that is, at the beginning-of her egrefs ‘from his weftern’ 


limb: but at the fame inftant of time}-as'feen from the Ganges, _ 
whichois' then at g, fhe.willibe quite cleariof thé Sun ‘toward 


the weft; being then feen from‘ g/inithe right line ge Z, whi 


_ makes an angle,ias Ue L, (equal to the oppofite angle C eg ae 


with the night line CeU: > andithis isithe angle of Venus’s — 
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a degree; and by this fpace of time, the duration 


of this eclipfe caufed by Venus will, on account 
of the parallax, be fhortened. And from this 


fhortening of the time only, we might fafely enough | 


@raw a conclufion concerning the parallax which 
we are in fearch, of, provided the, diameter of the 


Sun, and the latitude of Venus, were accurately — 


known, But we cannot expect an exact compu- 
tation in a matter of fuch fubtility. nat 

We muft endeavour therefore to obtain, if pof- 
fible,another. obfervation, to be taken in thole 


places where Venus will be in. the middle of the 
Sun’s difc at midnight; that is, in places under 


the oppofite meridian to the former, or about 6 


hours or go.degrees weft of Londons and where 
Venus enters upon the Sun a little before it’s “iet- 


_ parallax from the Sun as feen from the Garges at g, when fhe 
is but juft beginning to leave the Sun.at U, as feen from the 
Earth’s center C. Aves 

Here it is plain, that the duration of the tranfit about the 
gmouth of the Ganges (and alfo. in the neighbouring places) 
willbe diminifhed by about double the quantity of Venus’s 
parallax from theSunat the beginning and ending of the tranfit. 
For Venus muft be at/£ in her orbit whem the is wkhollyupon 
the Sun at 7, as feen from the Farth’s center C: but at that 
time fhe is fhort of the Sun as feen from the Ganges at G,. by 
the whole quantity of her eaftern parallax from the Sun at that 
time, which is. the angle KET. [This angle, in fact, is only 
23°; though it is reprefented much. larger in the figure,. be- 

 ‘caufe ithe arth therein is: a: vaft deal. too big] Now,» as 

Venus moves at the rate of 4’ in an hour, ‘he will move 23” 

in & minutes 45 feconds: and, therefore, the tranfit wall be 5 

“min. 45. feconds later of beginning at the banks of the Ganges 

than at the Earth’s center.. When the.tranfit is ending at 

U, as feen from the Earth’s center C, Venus will be quite clear 

of the Sun (by the whole quantity. of her weftern parallax 
"from him) as feen from the Ganges, which is then at gz and 
this! parallax will’be' 22°”, equal to the fpace through which 

‘ wala 


“Wenus moves in 5. minutes 30 feconds: of time: fo that the 


 ¢ranfit will end 5-4 minutes fooncr as feen from the Ganges, 
-than as feen from the Harth’s center. re 

» Hence, the whole contraétion of the duration of the tranfit 
sat the mouth?! of the Ganges will be 11 minutes 15 feconds of 
‘time: for it is s minutes 45 feconds at the beginning, and 5 


A 


minutes 30 feconds at the end. 


. 


— 
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ting, and goes off a little after it’s rifing. And 
this will happen under the above-mentioned meri- 
dian, and where the elevation of the north pole is 
about 56 degrees; that is, in a part of Hudfon’s 
Lay, near a place called Port-Nelfon. For, in this 
and the adjacent places, the parallax of Venus will 
increafe the duration of the tranfit by at leaft fix 
minutes of time; becaufe, whilft the Sun, from 


it’s ietting to it’s nifing, feems to pafs under the 


pole, thofe places on the Earth’s difc will be car- 
ried with a motion from eaft to weft, contrary to 
the motion of the Ganges; that is, with a motion 


_confpiring with the motion of Venus; and there- 


fore, Venus will feem to move more flowly on the 
Sun, and to be longer in paffing over his difc*. 


If 


* In Fig. 1. of Plate XV. let 2C be the meridian of the 
ealtern mouth of the Ganges; and 4C the meridian of Porte 
Nelfon at the mouth of York-River in Hudfon’s Bay, 56° north 
Jatitude, As the meridian of the Ganges revolves from a to c, 
the meridian of Port-Ne/fox will revoive from 6 to d: there- 
fore, whilft the Ganges revolves from G to g, through the are 
G mg, Port-Nelfon revolves the contrary way (as feen from the 
Sun or Venus) ftom P to p through the arc P 1p.—Now, 
as the motion of Venus is from £ to g in her orbit, while fhe 
feems to pafs over the Sun’s difc in the right line J ¢ UV, as feen 
from the Earth’s center C, it is plain, that whilft the motion 
of the Ganges is contrary to the motion of Venus in her orbit, 
and thereby fhortens the duration of the tranfit at that place, 
the motion of Port-Nelfon is the fame way as the motion of 
Venus, and will therefore increafe the duration of the tranfit : 
which may in fome. degree be illuftrated by fuppofing, that 
whilft a fhip is under fail, if two birds fly along the fide of 
the fhip in contrary direétions to eachother, the bird which 
flies contrary to the motion of the fhip will pafs by it fooner 
than the bird will, which flies the fame way that the fhip 
moves, 

In fine, itis plain by the figure, that the duration of the 
tranfit muft be longer as feen from Port-Nel/fon, than as feen 
from the Earth’s center; and longer as feen from the Earth’s 
center, than as feen from the mouth of the Ganges. 


the appears wholly within the Sun at 7: and the fame place 
muft be at p, and Venus at z, when fhe appears at U, begin- 
ning to leave the Sun,—The Ganges muft be at G, and Venus 

/ ; at 


For 
 Port-Nelfon muft be at P, and Venus at WN in her orbit, when 
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If therefore it fhould happen that this tranfit 
fhould be properly obferved by {kilful perfons at 
both thefe places, it is clear, that the duration 
thereof will be 17 minutes longer, as feen from 
Port-Neifon, than as feen from the Ea/t-Indies. Nor 
is it of much confequence (if the Luglifh fhall at 
that time give any attention to this affair) whether 
the obfervation be made at fort-George, commonly 
called Madras, or at Bencoolen on the weitern fhore 
of the ifland of Sumatra, near the equator. But if 
the French thall be difpofed to take any pains here- 
in, an obferver may ftation himfelf conveniently 
enough at Pondicherry on the weft fhore of the bay 
of Bengal, where the altitude of the pole is about 
12 degrees. As to the Dutch, their celebrated 
mart at Batavia will afford them a place of obfer- 
vation fit enough for this purpofe, provided they 
alfo have but a difpofition to affift in advancing, in 
this particular, the knowledge of the heavens.— 
‘And indeed I could wifh that many obfervations 
of the fame phenomenon might be taken by dif- 
ferent perfons at feveral places, both that we might 
arrive at a greater degree of certainty by their 
agreement, and alfo leaft any fingle obferver fhould 
_be deprived, by the intervention of clouds, of a 
fight, which I know not whether any man living 
in this or the next age will ever fee again; and on 
which depends the certain and adequate {olution of 
a problem the moft noble, and at any other time 
‘not to be attained to. JI recommend it therefore, 
acain and again, to thofe curious Aftronomers, 
who (when I am dead) will have an opportunity 
of obferving thefe things, that they would remem- 


at R, when fhe is feen from G upon the Sun at 7; and the 
fame place muft be at g, and Venus at +, when fhe begins to 
_ eave the Sun at U, as feen from g. Sothat Venus muft move 
from N to # in her orbit, whilft fhe is feen to pafs over the Sun 
from Port-Neljon ; from £ to ein paffing over the Sun, as feen 
from the Earth’s center; and only from R to r whilft the 
paffes over the Sun, as feen from the banks of the Ganges. 
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ber this my admonition, and diligently apply thent- 
felves with all their might to the making this obfer= > 
vation; and | carneftly with them all” imaginable. 
fuccefs ; in the firft place that they may not, by the 
unfeafonable obfcurity of a cloudy fky, be deprived 
of this moft defirable fight; and then, that having 
afcertained with more exaétnefs the magnitudes of 
the planetary orbits, it may redound to their im- 
mortal fame and glory. 

We have now fhewn, that by this mdthod the 
Sun’s parallax may be inveftigated to within it’s five 
hundredth part, which doubtlefs will appear won- 
derful to fome. But if an accurate obfervation be 
made in each of the places above marked out, we 
have already demonitrated that the durations of 
this eclipfe made by Venus will differ from each 
other by 17 minutes of time ; that is, upon a fup- 
polition that the Sun’s parallax isi12”4. + But if 

the difference fhall be found by obfervation to be 
greater or lefs, the Sun’s parallax will be greater 
or lefs, nearly in the fame proportion. ‘And fince 
L7 minutes of time are anfwerable: to 12+ feconds 
of folar parallax, for every fecond of parallax there 
will, arife a difference-of more than 80 feconds of 
time ; whence,) if we have this difference true to 
two feconds, it will be certain what the Sun’s: pa- 
rallax is, to within a 40th part of one . 
therefore, his diftance will be determined to within 
it’s s00dth part at leaft, if the parallax be not 
found lefs than what we have fuppoled: for ‘40 
times 122 make 500. 

And now’ I think I have explained this matter 
fully, and even,more than I needed to have done, 
to thofe who underftand Aftronomy: and I would 
have them take notice, that on this occafion, I 
have had no regard to the latitude of Venus, both 
to avoid the inconvenience of a more intricate cal- 
culation, which would render the conclufion lefs 
evident ; and alfo becaufe the motion of the wei 
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ef Venus is not yet difcovered, nor can be deter; 
mined but by fuch, conjunétions of the planet with 
the Sun_as this,is... For we conclude, that, Venus 
will pafs 4 minutes .below the Sun’s, center, only 
in confequence of the fuppofition. that the plane 
of Venus’s orbit is immoveable in the iphere of 
‘the fixed ftars, and that it’s nodes remain in the 
fame places where they were found in the year 
1639. Butif Venus, in the.year. 1761,°fhould 
move over:the Sun in a path more to the. fouth, 
it will be manifeft that her. nodes have moved 
backward among the fixed ftars; and if more to 
the north, that they have moved forward ; and that 
at the rate of 54 minutes of a degree in 100 Julian 


years, for every,minute that Venus’s path fhall be 


more or lefs diftant than the abovefaid 4 minutes 


from the Sun’s. center. And the. difference. be- 


tween the durations of thefe eclipfes will be fome- 
what lefs than 17-minutes of time, on account.of 
Venus’s fouth latitude; but greater, if by the mo- 
tion of the nodes forward fhe fhould pais onthe 
north of the Sun’s,center. 

But for the fake of thofe, who, though they are 
‘delighted with fydereal obfervations, may not yer 


have made themfelves acquainted with the doctrine. 


Of. parallaxes, I chofe to, explain the thing a little 
more fully by.a {cheme, and alfo by a calculation 
fomewhat more accurate. , 

Let us fuppofe that at London, in the year 1761, 
on the 6th of une, at 55 minutes after V 3 in the 


morning, the Sun will be in Gemini 15° 397°, and, — 


therefore that’ at it’s center the ecliptic 1s inclined 
toward the north, in an angle of 6° x0: and that 
the vifible . path of Venus on the Sun’s difc at 


that time declines to the fouth, making an angle | 


with the ecliptic of 8° 28°: then the path of Venus 
will alfo be inclined to the fouth, with refpect 
to the equator, interfecting. the parallels. of decli- 
at nation 
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nation at an angle of 2° 18’*. Let us alfo fuppofe, 


that Venus, at the forementioned time, will be at 


her leaft diftance from the Sun’s center, viz. only 
four minutes to the fouth; and that every hour 
fhe will defcribe a {pace of 4 minutes on the Sun, 
with a retrograde motion. The Sun’s femidiame- 
ter will be 1° 51” nearly, and that of Venus 37%. 
And let us fuppofe, for trial’s fake, that the differ- 
ence of the horizontal parallaxes of Venus with the 
Sun (which we want) is 31°, fuch as ig comes out 
if the Sun’s parallax be fuppofed 12”. Then, 
on the center C (Plate XV. Fig. 2.) let the little 
circle 4B, reprefenting the Earth’s difc, be de- 
{cribed, and let it’s femidiameter C B be 31°; ‘and 
let the elliptic parallels of 22 and 56 degrees of 
north latitude (for the Ganges and Port-Nel/on) be 
drawn within it, in the manner now ufed by Aftro- 
nomers for conftructing folar eclipfes. Let BCg 
be the meridian in which the Sun ts, and to this, 
let the right line F HG, reprefenting the path of 
Venus, be inclined at an angle of 2° 18’; and let 
it be diftant from the center C 240 fuch parts, 
whereof C B is 31. From C let fall the right line 
CH, perpendicular to FG; and fuppofe Venus to 
be at H at 55 minutes after V in the morning. 
Let the right line FHG be divided into the horary 
fpaces IIL 1V, IV V, V VI, &c. each equal to CH; 
that is, to 4 minutes of a degree. Alfo, let the 
right line Z M be equal to the difference of the 


* This was an overfight in the Doéor, occafioned by his 
placing both the Earth’s axis B Cg (Fig. 2. of Plate XV.) and 
the axis of Venus’s orbit C H on the fame fide of the axis 
of the ecliptic CK; the former making an angle of 6° 10° 


‘therewith, and the latter an angle of 8° 28°; the difference 


of which angles is only 2° 18%. But the truth is, that the 
Earth’s axis, and the axis of Venus’s orbit, will then lie on 
different fides of the axis of the ecliptic, the former making 
an angle of 6° therewith, and the latter an angle of 8°23. - 
Therefore, the fum of thefe angles, which is 14° (and not 
their difference 2° 18’) is the inclination of Venus’s vifible 
path to the equator and parallels of declination. 
apparent 


of the Planets from the Sun. 

apparent femidiameters of the Sun and Venus, 
which is 15 13°33 and a circle being detcribed 
with the radius Z 4, ona center taken in any 
point within thé/little circle 4B reprefenting the 
Farth’s difc, will'meet the right line FG ina point 
denoting the time at London when Venus fhall 
touch the Sun’s limb internally as feen from the 
place of the Earth’s furface that anfwers to the 
point affumed in the Earth’s difc. And if a circle 

be deferibed on the center C, with'the radius LM, it 
will meet the right line /'G in the points PandG; 
and the {paces # H and GH will be each equal to 
14° 4°, which {pace Venus will appear to pafs over 
in 3 hours 40 minutes ‘of’ time at London; there- 
fore, F will fall in If hours 15 minutes, and G in 
IX hours 35 minutes in the morning. Whence it 
is manifeft, that if the magnitude of the Earth, 
on account of it’s immente diftance, fhould vanifh 
as it were into a point; or, if being deprived of a 
diurnal motion, it fhould always have theSun verti- 
cal to the fame point C; the whole duration of this 
eclipfe would be 7 hours 20 minutes. But the 
‘Earth in that time being whirled through rro de- 
grees of longitude, with a motion contrary to the 
motion of Venus, and confequently the abovemen- 
tioned duration being contracted, fuppofe 12 mi- 
‘nutes, it will come out 7 hours & minutes, or 107 
deerées, nearly. - 

Now, Venus will be at ZH, at her leaft diftance 
from the Sun’s center, when in the meridian of 
the eaftern mouth of the Ganges, where the altitude 
of the pole is about 22 degrees. ‘The Sun there- 


fore will be equally diftant from the meridian of, 
that place, at the moments of the ingrefs and corel. 


ura = 
fi 


of the planet, viz. 53% degrees; as the points 4 
and  (reprefenting that place in the Earth’s dife 
AB) are, in the greater parallel, from the meridian’ 
BCg. But the diameter ef of that parallel will be’ 
to the diftance a), as the fquare of the radius to 
the reétangle under the fines of 53; and 68 de- 

Gg ~ degrees ; 
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grees; that is, as 1 2” to 46° 13%. And by a 
good calculation (which, that I may not tire the 
reader, it is better to omit) I find, that a circle de- 
fcribed on a as a center, with thejcadius L M, will 
meet the right line #H in the point M1, at IT hours 


- 20 minutes 40 feconds; but that being defcribed 


~ 


round das a center, it will meet HG in the point 
N at 1X hours 29 minutes 22 feconds, according 
to the time reckoned at London: and therefore, 
Venus will be feen entirely within the Sun at the 
banks of the Gauges for 7 hours 8 minutes 42 
feconds: we have then rightly fuppofed, that the 
duration will be 7 hours 8 minutes, fince the part 
of a minute is here of no confequence. 

But adapting the calculation to Port-Neljfon, I 
find, that the Sun being about to fet, Venus will 
enter his difc; and immediately after his rifing fhe 
will leave the fame. That place is carried in the 
intermediate time through the hemifphere oppofite 
to the Sun, from ¢ to d, with a motion con{fpiring 
with the motion of Venus; and therefore, the ftay 
of Venus on the Sun will be about 4 minutes 
longer, on account of the parallax; fo that it will 
be at leaft 7 hours 24 minutes, or. 111 degrees of 
the equator. And fince the latitude of the place 
is 56 degrees, as the fquare of the radius is to the 
rectangle contained under the fines 55% and 34 
degrees, fo is 4B, which is:1’ 2%, to cd, which is 
28” 33’. And if the calculation be juftly made, 
it will appear, that a circle defcribed on ¢ as a 


‘center, with the radius ZM, will meet the right 


line FH in O, at LI hours 12 minutes 45 feconds; 


and that fuch a circle, defcribed on d as a center, 


will meet 7G in P, at IX hours 36 minutes 37 


-feconds and therefore the duration at Port-Nelfon 


will be 7 hours 23 minutes 52 feconds, ‘which is 
ereater than at the mouth of the’Ganges, by 15 
minutes 10 feconds of time.. But if Venus fhould © 
pafs over the Sun without having any latitude, the 
difference would be 18 minutes 40 feconds; and — 


5 it 
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if fhe fhould pafs 4’ north of the Sun’s center, the 
difference would amount to 21 minutes 40 feconds, 
and will be ftill greater, if the planet’s north lati- 
tude be more inereafed: 

From the foregoing hypothefis it follows, that 
at London, when the Sun rifes, Venus will have 


entered his difc; and that, at IX hours 37 minutes | 


in the morning, “the will touch the limb of the Sua 
iuternally in going off ; and laftly, that fhe will not 
entirely leave the Sun till LX hours 56 minutes. 

It likewife follows from the fame hypothefis, 
that the center of Venus fhould juft touch the 
Sun’s northern limb inthe year 1769,-0n the third 
of Yune, at XI o'clock at night. So that, on ac- 
count of the parallax, it will appear in the north- 
ern parts of Norway entirely within the Sun, 


which then does not fet to thofe parts; whilft, on 


the coafts of Peru and Chil, it will feem to end 
over a fmall portion of the difc of the fetting Sun; 
and over that of the rifing Sun at the Molucca 
Iflands, and in their neighbourhood.—But if the 
nodes of Venus be found to have a retrograde mo- 
tion (as there is fome reafon to believe from’fome 
later obfervations they have) then Venus will be 
feen every where within the Sun’s diic ; and will 
afford a much better method for finding the Sun’s 
parallax, by almoft the greateft difference in the 
duration of thefe eclipfes that can poffibly happen. 

But how this parallax may be deduced from 
obfervations made fomewhere in the Eajf?- Indies, in 
the year 1761, both of the ingrefs and egrefs of 
Venus, and compared with thofe made in it’s going 
off with us; namely, by applying the angles of a 
triangle given in fpecie to the circumference of 
three equal circles; fhall be explained on fome 
other occafion. | 


>) 
go 
N 


ARTICLE 


45% 


452 The Method of finding the Diftances — 


AOR TAO LE ove" 


Shewing that the whole method propofed by the Doétor 
cannot be put in practice, and why. 


27. In the above Differtation, the Doctor has 
explained his method with great modefty, and even 
with fome doubtfulnefs with regard to it’s full fuc- 
cefs. For he tells us, that the Sun’s parallax may 
only be determined within it’s five hundredth part 
thereby, provided it be not lef$ than 12”2s that 
there may be a good obfervation made at Port- 
Nelfou, as well as about the banks of the Ganges; 
and that Venus does not pafs more than 4 minutes 
of a degree below the center of the Sun’s difc.— 

» He has takenvall proper pains not to raife:our ex- 

pectations too high, and yet, from his well-knowa 
é abilities, and. chara€ter as a great Aftronomer, it 
_feems mankind in general have laid greater ftrefs 
upon his method, than he ever defired them to do. 
Only, as he was convinced it was the beft method 
by which this important problem can ever be 
folved, he recommended it warmly for that reafon. 
He had not then made a fufficient number of ob- 
fervations, whereby to determine, withcertainty, | 
whether the nodes of Venus’s orbit have any’ mo-' 
tion at all; or, if they have, whether’ it be back- 
ward or forward with refpect to the ftars. . And 
confequently, having not then made his own tables, _ 
he was cbliged to calculate from the beft that he 
could find... But thofe tables allow of no motion — 
to Venus’s nodes, and alfo reckon her conjunction » 
with the Sun to be about half an hour too late. 

28. But more modern obfervations ‘prove, that 
the nodes of Venus’s orbit have a motion, back- — 
ward, or contrary to the order of the figns, with 
refpect to the fixed ftars. And this motion is al- 

- lowed for, in the Doétor’s tables, a great part — 
whereof were made from his own obfervations. — 
, , . Apay 
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And it appears by thefe tables, thar Venus will be 
fo much farther paft her defcending node at the 


‘time of this tranfit, than fhe was paft her alcending | \ 


_ node at her tranfit in November 1639, that inftead 
_of pafling only 4 minutes of a degree below the 


7 


- Sun’s center in this, fhe will pats almoft 10 minutes 


of a degree below it: on which account, the Hine 


of her tranfit will be fo much fhortened, as will). 


make her paflage over the Sun’s difc about an 
hour and 20 minutes lefs than if fhe pafled only 
4 minutes below the Sun’s center, at the middle of 
her tranfit. And therefore, her parallax from the 
the Sun will be fo much diminifhed, ‘both at the 
_ beginning and end of her tranfir, ond at all places 
from which the whole of it will ‘be feen, that the 


* difference of it’s durations, as feen from them, and 


as fuppofed to be feen from the Earth’s co 
will not amount to 11 minutes of time. 
29. But this is not all: for although the eae 


' will begin before the Sun fets to Port. Nelfon, it will 


be quite over before he rifes to that place next 
morning, on account of it’s ending fo much fooner 
than as given by the tables to which the Doétor 
was obliged to truft. So that we are quite de- 


prived of the advantage that otherwife would have 


arifen from obfervations made at Port- Nelfou. 
go. In order to trace this affair through’ all it’s 
intricacies, and to render it as intellicible to the 
reader as I can, there will be an unavoidable necef- 
fity of dwelling much longer upon it than f could 


_ otherwife wifh. And as it is impoffible to lay 


down truly the parallels of Jaticude, and the fitua- 
tions of places at particular times, in fuch a imall 


_ difc of the Earth as mutt be projected in fuch a 


fort of diagram as the Doctor has given, fo as to 
meafure thereby the exact times of the beginning 
and ending of the tranfit at any given place, unlefs 


‘the Sun’s dife be made at leaft 30 inches diameter 


in the projection ; and to which the Doctor did not 


quite truft without making fome calculations; | 


re e 3 fhall 
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fhall take a different method, in, which. the Earth’s, _ 
dife may be made as large as the operator pleales: 
- but if he makes it only 6 inches in diameter, he may 


Poe 


*y 


meafure the. quantity of Venus’s parallax from the’ 
Sun upon it, both in longitude and latitude, to the, 


place; and,then, by an eafy calculation in .the 
common rule of three, he may find the effect of 


' fourth part of a fecond, for any given. time and? 3 
5) ian ¢ 


the parallaxes on the duration of the tranfit. lay 


that Venus’s horizontal parallax from the, Sun is 
qi. And after projecting the tranfit, fo as to find 
the total effect of the parallax upon it’s duration, 


| thall next thew how nearly the Sun’s real parallax 


this, I fhall frft fuppofe with the Doctor, thatthe, 7 
Sun’s horizontal parallax.is 124 ; and confequently, 


may be found from the obferved intervals between © 
the times of Venus’s egrefs from the Sun, at par- 


ticular places of the Harth; which is the method 
now taken both by the Englijh and French Aftxo- 
nomers, and is a furer way whereby to come at the 


real quantity of the Sun’s parallax, than by obferv- 


ing how much the whole contraction of duration 


ef the tranfic is, either at Bencoolen, Batavia; or 


Pondicherry. 
Av Roe iG ekt Beoe 


Shewing how to projet? the tranfit of Venus on the 
- Sun’s dife, as feen from different places of the Karih,% 
fo as to find what it’s vifible duration mut be ab 
any given place, according to any affumed parallax | 
of the Sun; and from the obferved intervals between 
ihe times of Venus’s egrefs from the Sun at particular 
places, to find the Sun's true horizontal parallax, : 
: | ie 


* 


g1. The elements for this projection ate as i 


Venus ; which, as feen from the Earth’s center, 


and reckoned according to the equal time at _ 
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London, is on the 6th of Fune 1761, at 46 minutes 
17 feconds after V in the morning, according to 
Dr. Hatuey’s tables. 

II. The geocentric latitude of Venus at that time, 
9g 43° fouth. 

III. The Sun’s femidiameter, 15’ 50”. 


IV. The femidiameter of Venus (from the Doc- 


tor’s Differtation) 37” +. 
V. The difference of the femidiameters of the Sun 


and Venus, 15° 122. 
VI. Their fum, 16° 27°. 


VIL. The vifible angle which the tranfit-line makes — 


with the ecliptic, 8° 31°; the angular point (or 
defcending node) being 1° 6° 18” eaftward from 
the Sun, as feen from the Earth; the defcend- 
ing node being in # 14° 29° 37”, as feen from 
the Sun; and the Sun in m 15° 356° 55”, as 
feen from the Earth. 

Vill. The angle which the axis of Venus’s vifible 
path makes with the axis of the ecliptic, 8° 31’; 
the fouthern half of that axis being on the left 
hand (or eaftward) of the axis of the ecliptic, 
as feen from the northern hemifphere of the 
Earth, which would be to the right hand, as 
feen from the Sun. 

IX. The angle which the Earth’s axis makes with 
the axis of the ecliptic, as feen from the Sun, 
6°; the fouthern half of the Earth’s axis lying 
to the right hand of the axis of the ecliptic, in 


the projection ; which would be to the left hand. 


as feen from the Sun. 

X. The angle which the Earth’s axis makes with 
the axis of Venus’s vifible path, 14° 31°; viz. 
the fum of N° VIiland IX. 

XI. The true motion of Venus on the Sun, given 
by the tables as if it were feen from the Earth’s 
center, 4 minutes of a degree in 60 minutes .of 
time, : 


Ge 32. Thefe 


—_ 


ro 
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22. Thefe elements being collected, ‘make. a: 


{cale of any convenient length, as that of Pig. 1. 
in Plate XVJ. and divide ‘it into 17 equal parts, 
each whereof fhall be taken for a minute of a de- 
eree; then, divide the minute next'to the left 
hand into 60 equal parts for feconds,- by diagonal. 
lines, asin the gure. The reafon for dividing 
the {cale into 17 parts or minutes is, becaufe the 
fam of the femidiameters of the San and Venus 
exceeds 16 minutes of a degree. See N@VIba = 
33. Draw the right line 4CG (Fig. 2.) for a 
fmall part of the ecliptic, and perpendicular there- 
to draw the right line Cv # for the axis of the 
écliptic on the fouthern half of the Sun’s dite. » 
24. Take the Sun’s femidiameter, 157,50', from 
the feale with your compafits and with that extent, 


as a radius, fet one foot in C as a center, and de- 


{eribe the femicircle 4 E G for the fouthern half of 

the Sun’s dife, becaufe the tranfit is on that half 

of the Sun. wet | iy Et 
95. ‘Take the geocentric latitude of Venus, 9 


43”, from the fcale'- with your compaffes ; and fet 


3 


that extent from ‘C to v, on the axis of the eclip-. 


tic: and the point v fhall be the placevof Venus’s 
center on the Sun, at the tabular moment of her 
conjunction with the Sun, *. a ee 


36; Draw the right line CBD, makingyan angle 


of 8° 91% with the axis of the ecliptic, toward the 
left hand ;’ and this line fhall reprefent the axis of 
Venus’s geocentric vifible path on the Sun. 

4. Through the point of the conjunction ¥v, in 
the axis of the ecliptic, draw the right line gzr for 
the geocentric vilible path of Venus over the Sun’s 


_ difc, at right angles -to CBD, the axis of her orbit, . 


which axis will divide the line of her path into two 
equal parts gf and tr oy OR RE 
38, Take Venus’s horary-motion on the Sun, 
4’, from the feale with your compaffes ; and with 
that extent make marks along the tranfit-line q7r. 


The equal {paces, from mark to mark, fhew how 


much | 


Ao 
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much of that line Venus moves through in each 


hour, as feen from the Earth’s center, during her. 


continuance on the Sun’s ditc. 


39. Divide each of thefe horary {paces, from | 


mark to mark, into 60 equal parts for minutes of 
time ; and fet the hours to the proper marks in fuch 
a manner, that the true time of conjunétion of the 
Sun and Venus, 46% minutes after V in the morn- 
ing, may fall into the point v, where the tranfic- 
line cuts the axis of the ecliptic. So the point 
v fhall denote the place of Venus’s center on the 
Sun, at the inftant of her ecliptical conjunétion 
with the Sun, and ¢ (in the axis C¢ D of her orbit) 
will be the middle of her tranfit; which is at 24 
“minutes after V in the. morning, as feen from the 
Farth’s center, and reckoned by the equal time at 
London. 

40. Take the difference of the femidiameters of 
the Sun and Venus, 15° 124, in your compafies 
from the feale ; and with that extent, fetting one 
foot in the Sun’s center C, defcribe the arcs N and 
JT with the other, croffine the tranfit-line in: the 
points & and 7; which are the points on the Sun’s 
' dife that are ‘hid by the center of Venus at the mo- 
ments of ber two internal contaéts with the Sun’s 
limb or edge, at MZ and N: the former of thefe is 
the moment of Venus’s total ingrefs on the Sun, 
as feen from the Earth’s center, which is at 28 
minutes after Ii in the morning, as reckoned at 
London; and the latter is the moment when her 
-egtefs from the Sun begins, as feen from the Earth’s 
center, which is'20 minutes after VIII in the morn- 


ing at London. The interval between thefe two . 


contacts is 5 hours 52 minutes. 
41. The central ingrefs of Venus on the Sun is 


the moment when her center is on the Sun’s eaftern | 


limb at w, which is at 15 minutes after II in the 


morning ; and her central eorefs from the Sun is — 


the moment when her center is on the Sun’s weftern 
limb at w; which is at 33 minutes after VIII in 
the 


7 
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the morning, as feen. from the Earth’s center, and 
reckoned according to the time at Loudon. The 
interval between thefe times is 6 hours 18 minutes. 


42. Take the fum .of the femidiameters of the - 


Sun and Venus, 16° 27° 4, in your compafies from 
the fcale ; and with that extent, fetting one foot in 
the Sun’s center C, defcribe the arcs Q and & with 
the other, cutting the tranfit-line in the points g and 
r, which are the points in open {pace (clear of the 
Sun) where the center of Venus is, at the moments 
of her two external contacts with the Sun’s limb 
at S and 7”; or the moments of the beginning and 
ending of the tranfit, as feen from the Earth’s cen- 


ter; the former of which is at 3 minutes after IT _ 


in the morning at London, and the latter at 45° 


minutes after VIII. The interval between thefe 
moments is 6 hours 42 minutes. 

43. Take the femidiameter of Venus, 37°35 in 
your compafies from the fcale; and with that ex- 
tent as a radius, on the points q, &, #, /, r, as centers, 
defcribe the circles HS, MI, OF, PN, WY, for 
the difc of Venus, at her firft contact at S, her total 
ingrefs at M/, het place on the Sun at the middle 
of her tranfit, her beginning of egrefs at N, and 


her laft contact at W. “a 


cs 


44. Thofe who have a mind to project the Barth’s 
difc on the Sun, round the center C, and to la 


down the parallels of latitude and fituations of places _ 


1) an 
: 


thereon, according to Dr. Hatuey’s method, may — 


draw Cf for the axis of the E.arth, produced to the ) 
fouthern edge of the Sun at f; and making an — 


angle E Cf of 6° with the axis of the ecliptic C £: 


but he will find it very difficult and uncertain to— 
mark the places on that difc, unlefs he makes the 


Sun’s femidiameter 4C 15 inches at leaft: other- 


¥ 


tion.—The following method is better. 


45. In Fig. 3, of Plate XVI. make the line AB 
of any convenient length, and divide it into 31 


equal parts, each whereof fhall be taken for a fecond 


wife the line Cf is of no wfe at all in this projec 


of 


ee, es - 
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_ of Venus’s parallax either from or upon the Sun 
_ (her horizontal parallax from the Sun being fup- 
_ pofed to be 31°;) and taking the whole length 


AB in your compafies, fet one. foot in C (Fig. 4.) 
as.a. center, and defcribe the circle 4EBD for the 
Earth’s enlightened difc, whofe diameter is 62”, or 
double the horizontal parallax of Venus from the 
Sun. In this diic, draw 4CB for a fall part of 
the ecliptic, and at right angles thereto draw ECD 
for the axis of the ecliptic. Draw alfo NCS both 
for the Earth’s axis and univerfal folar meridian, 
making an angle of 6° with the axis of the ecliptic, 
as feen from the Sun; HC TJ for the axis of Venus’s 
orbit, making an angle of 8° 31° with ECD, the 
axis of the echptic; and laftly, YCO for a {mall 
part of Venus’s orbit, at right angles to it’s axis. 
46. This figure reprefents the Earth’s enlight- 
ened difc, as feen from the Sun at the time-of the 
tranfit. The parallels of latitude of London, the 
eaftern mouth of the Ganges, Bencoolen, and the 
ifland of St. Helena, are laid down in it, in the 
fame manner as they would appear. to an obferver 


' on the Sun, if they were really drawn in circles on 


the Earth’s furface (like thofe on a common ter- 
reftrial globe) and could be vifible at fuch a dif 


% tance.—The method of delineating thefe parallels 
_is the fame as already defcribed in the X1Xth Chap- 


ter, for the conftruction of folar eclipfes. 
47. The points where the curve-lines (called 


| hour-circles) XI NV, X N, &c. cut the parallels of 


latitude, or paths of the four places above-men- 


_ tioned, are the points at which the places them- 
~ felves would appear in the difc, as feen from the 
_ Sun, at thefe hours refpectively. When either 
place comes to the folar meridian. NCS by the 
_ Earth’s rotation on it’s axis, it is noon at that place ; 
andthe difference, in abfolute time, between the 
_ hoon at that place and the noon at any other place, 

is in proportion to the difference of longitude of 
_ Of thefe two places, reckoning one hour for every 


15 de- 
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15 degrees of longitude, and 4 minutes for each 
degree: adding the time if the longitude be eaft, 


but fubtraéting it if the longitude be weft. 


48. The diitance of either of thefe places from 


HCI (the axis of Venus’s * orbit) at any hour or 


part of an hour, being meafured upon the fcale 
A Bin Fig. 3. will be equal to Venus’s parallax in 
longitude, either on or from the Sun; and this 
parallax, being always contrary to the pofition of 
the place, is eaftward as long as the place keeps 


on the left hand of the axis of the ecliptic, as feen 


from the Sun; and weftward when the place gets 
to the right hand of the axis of the ecliptic. So 
that, to all the places which are pofited in the he- 
mifphere HV I of the difc, at any given time, Venus 
has an eaftern parallax of longitude ; but when the 
Earth’s diurnal motion carries the fame places into 
the hemifphere HOJ, the parallax of Venus 1s 
weftward. | . 

49. When Venus has a parallax’toward the eaft, 
as jeen from any given place on the Earth’s fur- 
face, either at thé time of her total ingrefs or be- 
ginning of egrefs, as feen from the Earth’s center ; 
add the time anfwering to this parallax to the time 
of ingrefs or egrefs at the Earth’s center, and the - 
fum will be the time thereof, as feen from the given. 
place on the Earth’s furface : but when the paral- 
lax is weftward, fubcraét the time anfwering there=_ 
to from the time of.total ingrefs or beginning of 
eorefs as feen from the Earth’s center, and the re- 
mainder will be the time as feen from the given 
placeon the furface, fo far as it is affected by this _ 


* In the former Edition of this, I made a miftake in taking 
the parallax in longitude in a line from the given place to the 
axis of the ecliptic, and perpendicular thereto; and the paral- 
jax in latitude from the given place to the plane of the eclip- 
tic, and perpendicular thereto.—But in this edition, thefe er- _ 
rors are cotreéted ; which make fome {mall differences in the © 
quantities of the parallaxes, and in the times depending there- — 
on; as will appear by comparing them in this with thofe in © 
the former edition, : 

paral- — 
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parallax.—The reafon of this is plain to every one 
who cenfiders, that an eaftern parallax keeps the 
planet back, and a weftern parallax carries it for- 
ward, with refpect to its true place or pofition, at 
any inftant of time, as feen from the Earth’s 
center. | it 
50. The neareft diftance of any given place from 

V CO, the plane of Venus’s orbit at any hour or 
part of an hour, being meafured on the fcale 4B 
in Fig. 3, will be equal to Venus’s parallax in Jati- 
tude, which is northward from the true line of Her 
path on the Sun as feen from the Earth’s center, 
if the given place be on the fouth fide of the plane 
of her orbit YCO on the Earth’s dile; and the 
contrary, if the given place be on the north fide of 
_ that planes that is, the parallax is always contrary 
to the fituation of the place om the Earth’s difc, 

_ with refpect to the plane of Venus’s orbit thereon, 
$1. As the line of Venus’s tranfit is on the 


_ fouthern hemifphere of the Sun’s dife, itis plain that: 


_ a northern parallax in her latitude will caufe her to 
_ -defcribe a longer line on the Sun, than if the had 
_ fo fuch parallax ; and afouthern parallax in lati- 
_ tude will caufe her to defcribe a fhorter line on the 
_ Sun, than if fhe had no fuch parallax—And the 
i longer this line is, the fooner will her. total ingrefé 
) be, and the later will be her beginning of egrefs 
) and juft the contrary, if the line be fhorter.-But, 
+ to all places fituated on the north fide of the plane 
of her orbit, in the hemifphere Y HO, the parallax 
/ of latitude is fouth, and to all places fituated on 
) the fouth fide of the plane of her orbit, in the bez 
mifphere 7 7O, the parallax of ,Jatitude is north. 
) Therefore, the line of the tranfit. will’be fhorter to 
yall places in the hemifphere Y HO, than it will be 
as feen from the Earth’s center, where there is no 
parallax at all; and longer toall places in the he- 
-mifphere YJO. So that the time._ani{wering to this 
parallax muft be added to the time of total ingrefs 
as feen from the Earth’s center, and fubtracted seit 
BR: 5: re ae i the 
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the beginning of egrefs as feen from the Earth’s 
center, in order to have the true time of total in- 
erefs and beginning of egrefs as feen from places 
in the hemifphere YHO: and juft the reverfe for 
places in the hemifphere V [O.—It was proper to 
mention thefe circumftances, for the reader’s more 
eafily conceiving the reafon of applying the times 
anfwering to the parallaxes of longitude and latitude 
in the fubfequent part of this article : for it is their 
fum in fome cafes, and their difference in others, | 
which being applied to the times of total ingrefs 
and beginning of egrefs as feen from the Earth’s 
center, that will give the times thereof as feen from 
the given places on the Earth’s furface. | 

52. The angle which the Sun’s femidiameter 
fabtends, as feen from the Earth, at all times of 
the year, has been fo well afcertained by late ob- 


fervations, that we can make no doubt of it’s being 
45 50° on the day of the tranfit; and Venus's 


latitude has alfo been fo well afcertained at many 
different times of late, that we have very good 
reafon to believe it will be 9° 43” fouth of the 
Sun’s center, at the time of her conjunétion with 
the Sun.—If then, her femidiameter at that time 
be 37° 2 (as mentioned by Dr. Hatiey) it appears 
by the projection (Fig. 2.) that her total ingreis on 
the Sun as feen from the Earth’s center, will be 
at 28 minutes after I] in the morning (§ 40.) and 
her beginning of egrefs from the Sun will be 20 
minutes after VIII, according to the time reckoned © 
at London. | 
£3. As the total ingrefs will not be vifible at 
London, we fhall not here trouble the reader about 
Venus’s parallax at that time.—But by projecting 
the fituation of London on the Earths difc (Fig. 4.) 
for the time when the eerefs begins, we find it will 
then be at /, as feen from the Sun. | ee 
Draw /d parallel to Venus’s orbit VCO, and /# 
perpendicular to it: the former is Venus’s eaftern 
parallax in longitude at her beginning of egtefs, 
: and 
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and the latter is her fouthern. parallax in latitude 
at that time. Take thefe in your compaffes, and 
meature them on the fcale 4B (Fig. 3.) and you 
will find the parallax in longitude to be 10°23, and 
the parallax in latitude to be 212. 

54. As Venus’s true motion on the Sun is at the 
rate of 4 minutes of a degree in 60 minutes of 
time (See N° XI. of § 31.) fay, as 4 minutes of a 
degree is to 60 minutes of time, fo is 10°32 of a 
degree to 2 minutes 41 feconds of time; which 
being added to VIII hours 20 minutes (becaufe 
this parallax is eaftward, § 49.) gives VIII hours 
22 minutes 41 feconds, for the beginning of egrefs 
at London, as affected only by this parallax.—But, 
as Venus has a fouthern parallax of latitude at that 
time, her beginning of egrefs will be fooner; for 
this parallax fhortens the line of her vifible tranfit 
at London, 

55. As this parallax of latitude is 21” fouth, 
add it to Venus’s latitude 9’ 43”, and the fum will 
be 10° 4”+; which is to be taken from the feale 
in Fig. x. and fet from Cto Z in Fig. 2. And 
then, if a line be drawn parallel to ¢/, it will ter- 
minate at the point p in the arc J, where Venus’s 


" center will be at'the beginning of her egrefs as feen 
' from London *,—But as her center is at 7 when her 
» egrefs begins as feen from the Earth’s center, take 


Lp in your compaffes, and fetting that extent from 
¢ towards / on the central tranfit-line, you will find 


» it to be 5 minutes fhorter than ¢/; therefore fub- 
tract 5 minutes from VIII hours 22 minutes 41 


feconds, and there willremain VIL] hours 17 minutes 


+41 feconds for the vilible beginning of egrets. in 


den? ge 


the morning at London. 


* The reafon why the lines oLp, abd, ct, and ¢é, which 


are the vifible tranfits at London, the Ganges mouth, Bencoolen, 


and S+, Helena, are not parallel to the central tranfit-line £¢/, 


is, becaufe the parallaxes in latitude are different at the times of 
ingrefs and egrefs, as feen from each of thefe places. The 


“method of drawing thefe lines will be fhewn by and by. 
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56. At V hours 24 minutes (which is the 
middle of the tranfit as feen from the Earth’s cen- 
ter) London will beat L on the Earth’s difc (Fig. 4.) 
as feen from the Sun. The parallax of longitude 
La is then 12%%3 by which, working as above di- 
rected, we find the middle of the tranfit, as feen 
from London, to be at V hours 20 minutes 53 
feconds.—This is not affeétéd by the parallax of 
latitude 7.4.—But Lt meafures 27° on the feale 
AB (Fig. 3.) therefore take 27° from the fcale 
in Fig. 1. and fet it from ¢ to Z, on the axis of 
Venus’s path in Fig. 2. and laying a ruler to the 
point L, and the above-found point of egrefs p, draw 
o Lp for the line of the tranfit as feen from London. 

57. The eaftern mouth of the river Ganges is 89 
degrees eaft from the meridian of London 3 and 
therefore, when the time at London is 28 minutes 
after II in the morning (§ 40.) it is 24 minutes paft 
VILL in the morning (by § 47.) at the mouth of 
the Ganges; and when it is 20 minutes paft VIII 
in the morning at London (§ 40.) it is 16 minutes. 
patt II in the afternoon at the Ganges. Therefore, 
by projecting that place upon the Earth’s difc, as» 
feen from the Sun, it will be at G (in Fig. 4.) at — 
the time of Venus’s total ingrefs, as feen trom the 

- Farth’s center, and at g when her egrefs begins.” . 

Draw Ge and gr parallel to the orbit of Venus 
VCO, and meafure them on the fcale 4 B in Fig. 3. 
the former will be 21% for Venus’s eaftern parallax 
in longitude, at the above-mentioned time of her 
total ingrefs, and the latter will be 16°+ for her 
weftern parallax in longitude at the time when her 
ecrefs begins. —T he former parallax gives 5 minutes” 
15 feconds of time (by the analogy in § 54.) to be 
added to VIII hours 24 minutes, and the latter pa- — 
rallax gives 4 minutes 11 feconds to be fubtracted | 
from If hours 15 minutes ; by which we have VIII - 
hours 29 minutes 15 feconds, for the time of total 
ingrefs as feen from the banks of the Ganges, and II 

3 i hours © 


J 


if be Platters froin tbe Sit 


hours 11 minutes 49 feconds for the beginning of 
ecrefs, as affected by thefe parallaxes. . 

Draw Gf perpendicular to Venus’s orbit VOC, 
and by meafurement on the fcale 4 B (Fig. 3.) it will 
be found to contain 10%; which being taken from 
the fcale in Fig. 1. and fet off fouthward from the 
point of total ingrefs & (Fig. 2. as feen from the 
Farth’s center) parallel to the axis of Venus’s path, 
it will fall into the point ¢ on the arc N.—Draw 
Cr, and taking the extent ¢¢ in your compafies, 
and applying it from ¢ towards &, you will find it 
to fall a minute fhort of &; which fhews, that 
Venus’s parallax in latitude fhortens the begin- 
ning of the line of her vifible tranfit at the Ganges 
by one minute of time. Therefore, as this makes 
the vifible ingrefs a minute later, add one minute 
to the above VIII hours 29 minutes 15 feconds, 
and it will give VIII hours 30 minutes 15 feconds 
for the time of total ingrefs, in the morning, as 
feen from the eaftern mouth of the Ganges. At 
the beginning of egrefs, the parallax of latitude 
£p is 2 + (by meafurement of the fcale 4B) which 
will protract the beginning of egrefs by about 30 
_ feconds of time, and muit therefore be added -to 
_ the above II hours 11 minutes 49 feconds, which 
will make the vifible beginning of egrefs to be at 
IL hours 12 minutes rg feconds in the afternoon. 

58. Bencoolen is 102 degrees eaft from the meri- 
dian of Loudon, and therefore, when the time is 
28 minutes paft II in the morning at London, it is 
16 minutes paft IX in the morning at Bencoolen, 
and when it is 20 minutes paft VIII in the morn- 
ing at London, it is 8 minutes paft [1 in the after- 
~noon at Bencoolen. Therefore, in Fig. 4. Bencoolen 
will be at B at the time of Venus’s total ingrefs as 
‘feen the Earth’s center; and at 4 when her egrefs 
begins. 

Draw Bi and 2& parallel to Venus’s orbit YC O,, 


and meaiure them on the fcale: the former will be ° 


found to be 22” for Venus’s eaftern parallax in 
: Hh longi- 
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longitude at the time of) her total ingrefs; »and. the’ 
latter to be 19° for her weftern parallax in longi~ 
tude when her egréfs begins, as feen, from. the 
Farth’s center. The firft of thefe parallaxes gives 
5 minutes 30 feconds (by the analogy in § 54.) to 
be added to IX hours 16 minutes; and the latter 
parallax gives 4 minutes 42 féconds to be fubtracted 
from Tif hours 8 mihutes ; whence we have, IX 
hours 21 minutes 30 feconds for the time of total. 
ingrefs at Bencoolen ; and ILL hours and 3 minutes 
° {econds for the time when the egrefs begins there, 
as affected’ by thefe two parallaxes. «5 The 

59. Draw Bv and om perpendicular to Venus’s. 
orbit “CO, and: medfire, them on the fcale ZB: 
the former will’be 5” for Venus’s northern parallax. 
in latitude ‘a8 ‘teen from Bencoolen at: the time of 
her total ingrefs; and the latter will be'r5’% for — 
her northern parallax in latitade when‘her egrefs 
begins. «Dake theie parallaxes: from the ;feale in 
Fig. 1. im your compafes, and fet them off above 
the central stranfit-line; perpendicular to the axis. 
of Venus’s. path; the formerfrom the left hand of 
k (Fig. 2.) t0-@ in the arc N, and: the latter from. | 
the right hand of 2 to b:in the are 7; and draw 
aBb for the line of Venus’s tranfit as feen from 
Bencoolen: the center of Venus béing ata,” as feen. 
from Bencoolen, at the momentof her total inerefs 5 
and at d at the moment when her egrefs begins. 

But as‘feen fromthe Farth’s. center, the center 
of Venuseis at & inthe former cafe, and at/ in the 
latter: fo that we find the line of the tranfit is 
longer asfeen from Benccolen than as teen from the 
Farth’s center, which is the effect of Vents’s’nor- 
thern parallax in latitude-—Take Ba in your com- 
pafies, and detting that extent backward from ¢- 
toward’ g, on the central tranfit-line, you will find 
it will reach two minutes beyond & thereon: and 
taking the extent BO in your compafiés, and fet- 


ting it forward from é towards w, on the central 
tranfit-line, ic will be found to: reach 3: minutes 


Le 
s 


beyond, 
Je 
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beyond J thereon. Confequently,. if we fubtra& 
2 minutes from IX hours 21 minutes 30 feconds 
(above found} we have 1X hours 19 minutes 30 
feconds, ‘in. the morning, for the time of total in- 
grefs as feen from Bencoolen: and if we add 3 mi- 
nutes to.the above found IIf hours 3 minutes $ 
feconds, we fhall have III hours 6 minutes 8 feconds 
after noon, for the time when the egrefs begins as 
feen from: Bencoolen. | 
. 60. The whole duration of the tranfit, from 
total megrefs to beginning of egrefs, as feen from 
the Eiarth’s center, is 5 hours 52: minutes (by § 40.) 
but the whole duration from total ingrefs to begin- 


- ning of egrefs, as feen. from Bencoolen, is only 5 


ours 46 minutes 38 feconds; which 1s. 5’ minutes 
22 feconds lefs than as feen from the Earth’s cen- 
ter: and this 5 minutes 22 feconds is the whole 
effect of the parallaxes (both in longitude and lati- 
tude) onithe duration of the tranfit at Bencoolen. 

_ But the duration as feen at the mouth of the 
Ganges, from ingrefs to egrefs, is fill lefs , for it 
is only 5 hours. 42 minutes 4 feconds: which is g 
minutes 56 feconds lefs than as feen from the 
‘Earth’s center, and 4 minutes 34 feconds lefs than 


/ as feen at Bencoolen. 


61. The ifland of St. Helenz (to which only a 


- fmall part of the tranfit is -vifible at the end) will 


ay 


S 


} at London is 20 minutes paft VIII in the morning, 
>it will then be only 56 minutes paft VI! in ‘the 


j 


be at A (as in Fig. 4.) when the egrefs begins as 
feen from the Earth’s center. And fince the mid- 
‘die of that ifland is 6° weft from the meridian of 
‘London, andthe faid egrefs begins when the ‘tinte 


_ morning at St. Helena. 


“ 
b 
ry 


Draw Hz parallel to Venus’s orbit “CO, and 


Ho perpendicular toit; and by meaturing them on 


® 
“ 
ba} 


the icale. 4B (Fig. 3.) the former will be found to 
amount to 29° for Venus’s eaftern parallax in longi- 


tude, as feen from St. Helena, when her egrefs be- 
my Dah Pe hy wc 1h Baik Ralie eins 
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At 


16 M Ji dig ‘ Dy ga 
pins as > een fiom the Earth’s center 5 sahid ee latter J 
‘to be 6” for her: northern) parallax in latitude: at 
that time." ' “(eae VOL SVGMET: 
By the aninlodiyil : ssithis’ s pata of longitude 4 
gives 10 minutes 2)1¢¢ ies‘! f.time; which’ being 
added (on account of it’s ‘being eaftward) to'VII 
hours 56 minutes, “gives VII hours 6 minutes: 2 
feconds for the beginning of egrefs’ at. St. Helena, 
as affected by this. parallax.—But 6of. parallax i in: 
latitude (applied: as ‘in'the-cafe of Bencoolen ps Jength- 
ens out the endof ‘the*tranfit-line by 1’ minutes — 
which being added. to VIE -hours6 «minutes. 2.4 
feconds, gives VIII hours. 7 minutes’ 2)feconds’ for 
the beginning of egrefs, as feen:from: »StoHelena. t a 
62. “We fhall now colleé&t the: above-mentioned 4 
times into a fmall table, that: they:may be feen at — 
cae! as follows. uM fignifies morning; g; A afternoon. 


wr hoa 


f 


Oth “Total Pigiohi Pie ofegieh! {): ‘Dutations | 
| tal. 5 Sci | Hope MyoniSie oftleMe Seo 4 
The Rarth’s copter, H%28- oO, VII 20. “OMA 52 | ny j 
{bon safe “Invifible- MA VL L7 41M, | cate VER Es 
The Gungirtaduth VIL 30-15 Map HS 2a 2% ig Ay 5 42 4 ny 
Bencoolens = t=. rye. ag go M3) TL, ~ 6, er ab 6.40) 38 
St. Helena ~. Invifible Jd. VII. ie or as — 


Hi Ft. 


3 ae 3 aes on minutes ee Hi times of i in- | 

erefs and egrefs at the Ganges; ‘6 hours. 48 minutes 4 

| from the. times. thereor, at; Bencoolen ; ; and adding - 

24 minutes to the time ‘of. beginning, of. gre 4 

4 

* This durdtion; as feen from the Earth's eee! is on ag 4 

pe fition that the femidiameter of Venus will be found. equal ; 

to 374, on the Sun’s difc, as ftated by Dr. Halley (fee Arte N. 
‘§ 31.) to which all the other durations are sccomiioa ame —_ 
But, from later obfervations, it his highly probable, ee P 
‘f{emidiameter of Venus will be found not to exceed’ 30 on the 

Sun; and if fo, the duration between the twovinternal con-_ 

i tadts, as feen’ from the Earth’s center,. will bes hours: 58° 

minutes; and the durations, as {een from the above-mentioned 

i places, will be ieee? very nearly in it. fame proportion. it 


x & 


oe 
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_ S8t. Helena: and being thus reduced, they are as 
follows. i : 


. Total ingrefs. | Beg. of egrefs, 
| HM. S.5 5 4, H..M. 8. 
‘Times } Ganges mouth - II 34 15 MZ.) VIIE 16 19M. 


Durations 


London § Bentoolen - - If 31 30M.|Vill 18 8M. 
as above. 


for. (St. Helena - --Invifible, M@.' VIII 31 2M, 


64. All this is on fuppofition, that we have the 
true longitudes of the three laft-mentioned places, 
that the Sun’s horizontal parallax is 12+, that the 
true latitude of Venus is given, and that her femi- 
diameter will fubtend an angle of 37°% on the 
Sun’s difc. : 

As for the longitudes, we muft fuppofe them 
true, until the obfervers afcertain them, which is 
a very important part of their bufinefs; and with- 
out which they can by no means find the interval 
of abfolute time that elapfeth between either the 
inorefs or ecrefs, as feen from any two given places : 
and there is much greater dependance to be had 
on this elapfe, than upon the whole contraction of 
duration at any given place, as it will undoubtedly 
afford a furer bafis for determining the Sun’s 
parallax. . 

65. 1 have good reafon to believe, that the lati- 
tude of Venus, as given in § 31, will be found by 
‘obfervation to be very near the truth; but that the 
time of conjunction there mentioned will be found 
to anticipate the true time by almioft 5 minutes; 
that Venus’s femidiameter will fubtend an angle of 

no more than 30” on the Sun’s dife ; and that the 
. middle of her tranfir, as feen from the Earth’s 
center, will beat 29 minutes after V in the morning, 
~ as reckoned by the equal time at London. 

€6. Subtraét VIII hours 17 minutes 41 feconds, 
the time when the egrefs begins at London, from 
VIII hours 21 minutes 2 feconds, the time reckoned 
» at London when the egre{s begins at S#. Helena, and 
there will remain 13 minutes 21 feconds (or 801 
Fb 3 feconds} 
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‘feconds) for their difference, or ¢lapfe, invabfelute 
time, between the beginning of egrels as fecn-trom 


thefe two places. 
Divide this elapfe of 801 feconds by the Sun's 
arallax 12” 4; and the quotient will be 04, feconds 
and a {mall fraction, So that ‘for each fécoad_ of 
a degree in the Sun’s horizontal parallax ({uppof- 
ing it to be 123) there will be a difference or elapfe 
of 64 feconds of abfolute time: between the begin-. 
ning of egrefs as feen from London, and:as feen 
from St. Helena: and confequently g2 fécands of 
time for every half fecond of the Sun’s. parallax 5 
16 feconds of time for every: fourth: partvof)a— 
fecond of the Sun’s parallax; 8 feconds! of: time 
for the eighth part of a fecond of the Sun’s paral- 
lax; and full 4 feconds for a fixteenth part-of the © 
Sun’s parallax. (it to d19q JORG S 
For, in fuch a fmall angle as that of the Sun’s 
parallax, the arc is equal both to it’s fine and ito | 
it’s tangent: and therefore, the quantity of; this — 
parallax isin dire& proportion to the abfolute dif- 
ference in the time of -egrefs arifing from it, at 
different parts of the Barth, 0 | a5 oer 
67. Therefore, when this difference is afcertained 
by good obfervations, made at different places, and 
compared together, the truesquantity of the Sun’s 
parallax will be very ‘nearly determined.» For, 
fince it maybe prefumed ‘that the beginning of 
egre{s can be obferved within 2 feconds of it’s real | 
time, the Sun’s parallax may be then found within 
the 32d part of a fecondvof:it’s true quantity 5. 
and confequently, his diftance may be found within. 
a xooth part of the whole, provided his parallax 
be not-lefs thar 1272; for'32 times 12% is 400.) — 
68. But fince Dr, Hatuzy has affured us, that 
he had obferved the! two internal contacts of the 
planet Mercury with the Sun’s edge:fo exactly, 
‘as not toerr one fecond in the time thereof, we 
may well imagine that the internal contacts of 


Venus with the Sun may be obferved with as 


great 


q 


oo. 7 ree 


801 feconds., accordingly. 
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great accuracy... SO that we may, hope to have the 


abfolute interval between the moments of her be- 
ginning of. egrels, as feen from Loudon and from 


St. Helena, true to afecond of time ; and if fo, the 


Sun’s parallax may be determined to the 64th part 
of a fecond, provided it be not lef$ than’: 2°°3"5 


and confequently his diftance may be found, within 
it’s Sooth part, for, 64 times, 12% is 800: which 
is ftill nearer the truth than Dr. Hatiey expected 


it might be, found, by obferving the whole dura- 
tion of the. tranfit in the Laj/l-Indies and at Port- 
Nelfon.. So that our prefent Aftronomers have ju- 
dicioufly refolved to improve the Doétor’s method, 


by taking only the interval between the abfolute, 


times of it’s ending at different places. If the 
Sun’s parallax, be greater or lefs than 12 2, the 


‘elapfe or difference of abfolute time between the 


beginning of egrefs at London and Si. Helena will 
be found. by obfervation to be greater or leis than 


69. There willalfo be a great difference between 
the abfolute times of egrets at Si. Helena and the 
northern parts of Rujia, which would make thele 
places very proper for obfervation, “The difference 
between them at Toba) in Siberia and at St. Helena 
will be 1,1 minutes, according to Dr L'Isiz’s map: 
at Archangel it will be but about 40 feconds lefs 


than at Todol/k, and only a minute and a quarter 
~Aefs. at. Peter/burgh, even if the Sun’s parallax be 


no more than..1o’4...,At Wardbus the fame. ad- 


vantage would nearly be gained as at Tabol/e : but 


if the obfervers could go ftill farther to the eatt, 


as to Yakout/e in. Siberia the advantase would be 
aw ‘ ‘ 3 > ven: 


ftill greater; for,.as. Mr. De Liste very juilly 


obferves, in a memoir prefented to the Preach king 


with his map or, the tranfit,the difference af time 


between. Venus’s egrels. from, the Sun, at 2% akoul/e 


and at the Cape, of Gaod Hope will be 137 minutes. 


: 


: $ -> h q ' 7? BO 8: { Ve f 
70». This, method requires thar, the longitude of 


each place of obferyation, be afcertainéd to’ the 


he ar Maar ate ebay greatett 
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greateft degree of nicety, and that each obferver’s 
clock be exaétly regulated to the equal time at his 
place : for without thefe particulars it would be 
impoffible for the obfervers to reduce the times to 
thofe which are reckoned under any given meri- 


dian ; and without reducing the obferved times of _ 
-egreis at different places to the time at fome given 


place, the abfolute time that elapfeth between the 
egrefs at one place and at another could not be 
found. But the longitudes may be found, by ob- 
ferving the eclipfes of Jupiter’s fatellites; and a 
true meridian, for regulating the clock, to the time 


at any place, may be had, by obferving when any 


given ftar, within 20 or 30 degrees of the pole, is 
ftationary, with regard to it’s azimuth, on the eaft 
and weft fides of the pole: the pole itfelf being 
the middle point between thefe two ftationary po- 
fitions of the ftar. And it is not material for the 
obfervers to know exactly either the true angular 
meafure of the Sun’s diameter, or of Venus’s, in 
this cafe ; for whatever their diameters be, it will 
make no fenfible difference in the obferved interval 
between the fame contact, as feen from different 
places.. ae Boge 

71. In the geometrical conftruction of tranfits, 
the fcale 4B (Fig. 3. of Plate XVI.) may be di-. 
vided into any given number of equal parts, an- 


_ fwering to any affumed quantity of Venus’s hori- 


zontal parallax from the Sun (which is always the 
difference between the horizontal parallax of Venus — 
and that of the Sun) provided the whole length of 
the {cale be equal to the femidiameter of the Farth’s 
difc in Fig. 4.—Thus, if we fuppofe Venus’s hori- 


_ zontal parallax from the Sun to be only 26” (in- 


ftead of 31”) in which cafe the Sun’s horizontal 
parallax muft be 107.3493, as in § 20, the reft of 
the projection will anfwer to that fcale: as CD, 
which contains only 26 equal parts, is the fame 
length as 4B, which contains 31.. And by work- 
ing in all other refpects as taught from.§ 45 t0, 
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— § 62, you will find the times of total ingrefs and 
_ beginning of egrefs; and confequently, the dura- 
_ tion of the tranfit at any given place, which mutt 
_ refult from fuch a parallax. 
72. In projections of this kind, it may be eafily 
conceived, that a right line pafling continually 
through the center of Venus, and a given point of 
the Earth, and produced to the Sun’s difc, will 


mark the path of Venus on the Sun as feen from . 


the given point of the Earth: and in this there 

are three cafes. 1. When the given point is the 
_ Earth’s center, at which there is no parallax, either 
in longitude or latitude. 2. When the given point 

is one of the poles, where there is no parallax of 
‘longitude; but a parallax of latitude, whofe quan- 
tity is eafily determined, by letting fall a perpen- 
‘dicular from the pole upon the plane of Venus’s 
orbit, and fetting off the parallax of latitude on 
this perpendicular: and here, the polar tranfit-lines 
will be parallel to the central; as the poles have 

no motion arifing from the Earth’s diurnal rota- 
‘tion. 3. The laft cafe is, when the given point of 
»the Earth is any point of it’s furface, whofe lati- 
ee is lefs than 90 degrees: then there is a paral- 
‘fax in latitude proportional to the perpendicular 
et fall upon the abovefaid plane, from the given 
“point; and a parallax in longitude proportional to 
‘the perpendicular let fall upon the axis of that 
' plane, trom the faid given point. And the effect 


‘pofition and length; and will prevent it’s being 
parallel to the central tranfit-line, unlefs when it’s 
axis and the axis of the Earth coincide, as feen 
from the Sun; which is a thing that may not hape. 
en in many ages, 


a | AR RIS lak 


of this laft will be to alter the tranfit-line, both in 
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RRO OL Behe aruasigad | 
Concerning the map of the tran/it... Plate XVIE- | 


93. The title of this map, and the lines drawn. 
‘upon it, together with the words annexed to thefe 
lines, and the numbers [hours and minutes} on © 
the dotted lines, explain the whole’of it fo well, — 
that no farther:defcription feems requifite. | 
74. So faras | can examine the map’by a good - 
alobe, the black curve’ lines are in general pretty 
well laid down, for thewing. at what places the. 
“tranfit will begin, or end, at fun-rifing or fun-fet- 
ting, to all thofe places through which they ate 
drawn, according to the times mentioned in the | 
map. Only I queftion much whether the tranfit © 
will begin at fun-rife to any place in Africa, thatis 
welt of the Red-Sea, andam pretty certain that the 
Sus will not be fifen to the northmoft part. of, 
Modagafcar when ‘the. tranfit begins, as) M. Dr 
L?Istez reckons the firft contaé: of Venus withthe 
Sun. to’ be the beginning. of the tranfit. So that | 

-. the line which fhews the entrance of Venus m. the 
Sun’s difc at fun-rifing, feems to.be a little too:far 
weft in the map, ‘at all places: which are fouth of | 

» Afia Minor : but in Europe, I think it 1s very well: — 
75. Indelineating this map, I hadM. De L’Isuz’s. 
map ofthe tranfit before me. And) the only dit- 
. ference between his map and this 1s, 1. That in his. 
map, the times are computed ito the meridian of 
Paris; in this they are reduced to the meridian or 
‘London. 2. V have changed his’ meridional: pro- 
-je€tion into that of the equatorial; by which, 1 
apprehend, that the black curve lines, fhewing at 
- what places the tranfit begins, or ends, with the 
rifing or fetting Sun, appear more natural to the 
“eye, and are more fully feen at once, than in the 
map from which I copied: for, in that map, the 
lines are interrupted and broke in the meridian 
. 5 that 
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that divides. the hemifpheres ; and the places'where _ 

ghey fhould join cannot be perceived fo, readily, by 

 thofe who are. not well {killed in the nature of fte- 

- yeographical projections, —The like may be: faid 

* of many, of the dotted curve lines, on which are 
expreficd the hours and minutes of the beginning: 
or-ending of the tranfit, which are the abiolute 

times at.thefe places, through which the lines are 
drawn, computed to the meridian of Londou, 


AaRe D b-CoLoKs Wi. 


Containing an Account of Mr. orrox’s Obfervation 
of the Tranfit of Venus over the Sun, in ihe Yi ear 
046393 as it as: publifhed in the Annual Regifter 

for the Year 1.761. 


96. When Kepler firft conftructed his (the Ru- 
dolphine) Tables upon the obfervations of Tycho, 
the foon, became fenfible that the Planets Mer- 
-cury and: Venus would fometimes,pafs over the 
Sun’sdife 5 and he predicted two tranfits of Venus, 
one for the year 1631, and the other for 1761, in 
a traé publifhed at Leipfck in 16295, enutled, 
sddmonitio ad Aftronomos, (Sc. ‘Kepler died fome — 
days before the tranfit in 1631, which he had pre- 
-dicted) was to have happened. Gaffendi looked for 
it at-Paris, but in vain (fee Mercurius in Sole vifus, 
9 Venus invifa.) In effect, the imperfect ftate of 
athe Rudolphine Tables was the caufe that the 
tranfit,was expected in 1631, when none could be 
-obferved; and. thofe very tables didnot give rea- 
fon to expect one in 1639, when one was really 
obferved. — : 
When our illuftrious countryman Mr. Horrox 
_ firft applied himfelf to Aftronomy, he computed 
»Ephemerides for feveral years, from Lanjbergius’s 
Tables. After continuing his labours for fome 
_ | time, he was. enabled to difcover the imperfefion 
of thefe tables; upon which hedaid afide his work, 
to intending 
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part of his time fpent in calculating from Lan/- 
bergius might not be thrown away, he made ufe of 
his Ephemerides to point out to him the fituations 
of the planets. From hence he forefaw when their 
conjunctions, their appulfes to be fixed ftars, ‘and 
the moft remarkable phenomena in the heavens 


would happen; and prepared himfelf with the - 


greateft care to obferve them. 3 
Hence he was encouraged to wait for the impor- 
tant obfervation of the tranfit of Venus in the year 
1639; and. no longer thought the former part of 
his time mifpent, fince his attention to Lan/bergius’s 
Tables had enabled him to diicover that the tranfit 
would certainly happen on the 24th of November. 
However, as thefe tables had fo often deceived 


-him, he was unwilling to rely on them entirely, 
but confulted other tables, and particularly thofe 
-of Kepler; accordingly, in a letter to his friend 


William Crabtree of Manchefter, dated Hool, OGober 
26, 1639, he communicated his difcovery to him, 
and earneftly defired him to:make whatever obfer- 
vation he poffibly could with his telefcope, parti- 
cularly to meafure the diameter of the planet 


Venus; which, according to Kepler, would amount — 
to 7 minutes of a degree, and according to Lan/- 
_ bergius to 11 minutes; but which, according to — 


his own proportion, he expected it would hardly 
exceed one minute. He:adds, that according-to 
Kepler, the conjunction will be November 24,' 1639, 


-at 8 hours 1 minute A. M. at Manchefler, and that 
the planet’s latitude would be 14°10” fouths :but 


according to his own corrections, he expeéted:it to 


$ntending to determine the pofitions of the ftars — 
from his own obfervations. But that the former 


happen at 3 hours 57 min. P. M. at Manchefter, with © 


10° fouth latitude. But becaufe a {mall alteration | 


in Kepler's numbers would greatly alter the time 


of conjunction, and the quantity of the. planet’s — 
latitude, he advifes to watch the whole. day, and — 
even on the preceding afternoon, and the morning — 


ot 


———_—— a a 
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_ of the 25th, though he was entirely of opinion that 

‘the tranfit would-happen on the 24th. Se 
fit After having? fully weighed and examined the 

feveral methods ofobferving this uncommon phe- 

_ nomenon, he determined to tranfmit the ‘Sun’s 
_amage through a ‘telefcope’ into a dark chamber, 
rather. than’ throug ‘a‘naked aperture, a method 
greatly commended by Kepler’, for the Sun’s image 
ds.not given fufficiently large and diftin& by the 
Jatter,unlefs'at avery great diftance from the aper- 
ture, which the narrownefs of his fituation would 

mot allow of; ‘nor would Venus’s diameter be well 
defined, unlefs the aperture were very fimall; 

_ whereas his telefcope, which rendered the folar 

* pots diltinétly vifible, would fhew him Venus’s 

_ diameter well’defined, and enable him to divide 

_ ‘the Sun’s limb more accurately. 
~ He defcribed a circle-on paper which nearly _ 

_ equalled fix inches, the narrownels of the place not 
‘allowing a larger fize ;' but even this fize admitted 
-divifions fufficiently accurate. He divided the cir- 
‘cumference: into 360 degrees, and the diameter : 
‘into. 30 equal parts, each of which.were fubdivided 
‘into 4, and the whole therefore into 120. The | 

- fubdivifion’ might have® ftill been carried farther, 

' -but he trufted rather to the accuracy and nicenefs 

Of his eye. | 
~ *When the time of obfervation drew near, he 

_ sadjufted the apparatus, and caufed the Sun’s dif 
‘tinct image exactly to fill the circle on the paper; 

‘and though he could not expect the planet to enter 
upon the Sun’s difc before three o’clock in the 
-afternoon of the 24th, from his own correéted 
snumbers, upon which he chiefly relied ; yet, be- 
~caufe the calculations in general from other tables 
“gave the time of conjunction much fooner, and 

_-fome even on the 23d, he obferved the Sun from 

_ the time of it’s rifing to nine o’clock ; and again, 

«alittle before ten; at noon, and at one in the after- 
*noon: being called in the intervals to bufinefs of 


the 
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the ,higheft, moment, which he could not neglect, 
But in all thefe times he faw nothing on the Sun’s 
face, except one fmallifpot, which he had:feen on 
the preceding day.;,and which alfo he xoieinl iene 
faw on fome of the:following days.) > | 

But at 3 hours: 15 -mrnutes in :ithey aftemoon, 
which was the firft opportunity hechad of repeating 
his obfervations, the clouds were entirely difperfed, 
and invited him to feize this favourable occafion, 
which. feemed to be providentially:thrown in: his 
way; for he then beheld the moftagréeable feht, 
afpot, which had been the object of his moft fan: 
cuine wifhes, of an unufual fize, and.of'a perfectly 
circular fhape, juft wholly entered upon the Sun’s 
difc-on’ the left fide ; fo that thé/inybs of the Sun 
and Venus perfectly coincided in) the »very»point 
of contact. He was immediately fenfible chat this 
{pot was the splanet Venus, and ‘applied himfelf 
with the urmoft care to profecute his: obfervations. 
_ And, Firft, with regard .to the imelination, he 
found, by means of a diameter of the circle fet per- 
pendicular to the horizon, the plane’ of the circle 
being fomewhat reclined on account:of the Sun’s 
altitude, that Venus had wholly entered upon the © 
Sun’s dife, at 3 hours 15 minutes, at about 62° 
30° (certainly between-60° and65°) from the ver- | 
tex toward the right hand. (Thefe weresthe ap- 


pearances. within the: dark’ chamber, /where the } 


Sun’s image and motion of the planet thereon were 
both inverted and reverfed.) » And:this: inclination | 
continued conftant, at deaft ito all» fenfe, ail fie had 
finithed the whole of his obfervation.” 

Secondly, “Lhe diftances obferved afterward iis 
tween the centers of the’Sun and: Venus ‘were’as — 
follows.. At 3 hours 15 minutes by the clockythe 


diftance was. 14 2475 at 3) hours 36 .minutes, ‘the 
diftance was 13° 30°; at 3 hours. 45.aninutes, ithe. 


diftance was 13°.0°. The apparent’ timevof fun - 
fetting was at 3 hours 50. minutesthe true time: 
e! —s 


a 
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g hours’ 45 minutes—refraction keeping the Sun 
above the horizon for the fpace of 5 minutes. 
Thirdly, He found Venus’s diameter, by repeated 
obfervations, to exceed a thirtieth part of the Sun’s 
diameter, by a fixth, or at moft.a fifth fubdivifion. 


_—The diameter therefore of the. Sun to that of 


Venus may be exprefied, as 30 to. 4.12. It cer 
tainly did not amount to 1.30, nor yet to 1.20, 
And’ this was found, by obferving Venus as well 
when near the Sun’s limb, as when farther removed 


from it. | 


The place where this obfervation was made, was 


-an obicure village called Hool, about 15 miles 


miles northward of Liverpool... The. latitude. of 
Liverpool had been often determined by Horrowx to 
be 53°20; and therefore, that of Aeol, will be 
63° 35 The longitude of both feemed to him 
to be about 22° 30°..from. the Portunate iflandss 
that is14° 15° to the welt of Uraniburg. 

_ Thefe were all the obfervations which the fhort- 


' nefs of the time allowed him to, make upon this 


moft remarkable and uncommon fight, all that 
could be done however in fo {mall.a {pace ef time, 
he-very happily executed; and dcarce any, thing 
farther remained for him to defire.. In regard. to 
the inclination alone, he.could not obtain the ut- 
moft exactnefs for it was extremely difficult, from 
the Sun’s rapid motion, to obferve it, to any cer- 
tainty within the degree. And he ingenioufly con- 
feffes that he neither did, nor could poffibly per- 
form it. The reft are very much to be depended 
upon; and as exact as he could with. : 
Mr. Crabtree, at Manchefter, whom Mr. Horrox 
had defired to obferve this tranfit, and who in ma- 
thematical knowledge was inferior to few, very 
readily complied with his friend’s requeft; but 
the fky was very unfavourable to him, and he had 


-only one fight of Venus on the Sun’s difc, which 


-was about 3 hours 35 minutes by the clock; the 


‘Sun then, for the firft time, breaking out from the 
= ee | clouds 5 
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clouds; at which time, he fketched out Venus’a 
fituation upon paper, which Horrox found to coin- 
cide with his own obfervations. © ii 

Mr. Horrox, in his treatife on this fubjeét, pub- 
lifhed by Hevelus, and from which almoft the 
whole of this account has been collected, hopes 
for pardon fromm the aftronomical world, for not 
making his intelligence more publick; but his 
difeovery was made too late. He is defirous 
however, in the fpirit of a true philofopher, that 


other aftronomers were happy enough to obferve 


it, who might either confirm or correét his obfer- 


vations. But fuch confidence was repofed in the 
tables at that time, that it does not appear that 


this tranfit of Venus was obferved by any befides 
our two ingenious countrymen, who profecuted 
their aftronomical ftudies with fuch eagernefs and 
precifion, that they muft very foon have brought 
their favourite fcience to a degree of perfection 
unknown at thofe times. But unfortunately Mr. 


‘Horrox died on the 3d of Fanuary 1640-1, about 


the age of 25, juft after he had put the laft hand 


‘to his treatife, entitled, Venus in Sole vifa, in which 
he fhews himfelf to: have’ had a more accurate ~ 


knowledge of the dimenfions of the Solar Sytem 
So far 


In the year 1691 *, Dr. Hatiey gave ina paper» 


“pon the tranfit of Venus (See Lowthorpe’s Abridge- 


ment of the Philofophical Tranfactions, pac. 434.) 


-in which he obferves, from'the tables then in ufe, 
that Venus returns to a conjunction with the Sun 
“inv her afcending node in a period of 18 years, 


wanting 2 days ro hours 42+ minutes, but that 


san the fecond conjunétion fhe will have got 24° 41” 


farther to the fouth than in the preceding. “That 
after a period of 235 years 2 hovrs 10 minutes 9 
feconds, fhe returns to a conjunction more ‘to the 
north by 11° 99 3 and after 243 years, wanting 43 
* See the Connoiffance des Temps for A. ob is: Siiacmpateal 
cade 7 : MiNUtes, 
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minutes, in a point more to the fouth by 13° 8”. 
But if the fecond conjunction is in the year next 
after leap year, it will be a day later. _ 

The intervals of the conjunctions at the defcend« 
ing node are fomewhat different. The fecond hap- 
pens in a period of 8 years, wanting 2 days 6 hours 

‘55 minutes, Venus being got more to the north 
by 19°58". After 235 years 2 days 8 hours 18 


minutes, fhe is g 21” more foutherly : only, if the 


firft year is a biffextile, a day muft be added. And 
after 243 years o days 1 hour 23 minutes, the 
conjunction happens 10° 37” more to the north; 
and a day later, if the firft year was biffextile. It is 
fuppofed, as inthe old ftile, that all the centurial 
years are biffextiles. 

Hence, Dr. Harvey finds the years in which a 
tranfit may happen at the afcending node, in the 
month of November (old ftile) to be thefe—g18, 
1161, 1396, 1631, 1639, 1874, 2109,2117: and 
the tranfits in the month of May (old ftile) at the 
defcending node, to be in thefe years—1048, 
1283, 1518, 1526, 1761, 1769, 1996, 2004.’ 
In the firft cafe, Dr. Hattey makes the vifible 
inclination of Venus’s orbit to be g° 5’, and her 
horary motion on the Sun 4° 7”. In the latter, 
he finds her vifible inclination to be 8’ 28”, and 
her horary motion 4’ 0”. In either cafe, the greateft 
, poffible duration of a tranfit is 7 hours 56 minutes. 

Dr. Hatvey could even then conclude, that if 
the interval in time between the two interior con- 
tacts of Venus with the Sun could be meafured to 
the exactnefs of a fecond, in two places properly 
fituated, the Sun’s parallax might be determined 
within it’s soodth part,—2ut feveral years after, 
he explained this conclufion more fully, in a paper 
concerning the tranfit of Venus in the year 1761 ; 
which was-pubhfhed in the Philofophical Tranf- 

actions, and of which the third of the preceding 

articles is a tranflation; the original having been 
wrote in Latin by the Doctor. 

| roa ARTICLE 
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Ge Na sa tay Rts Ba ala t Ung, 


Containing a fhort account of fome obfervations of the 
Tranfit of Venus, A.D. 1761, June 6th, New 
Stile; and the diftances of the planets from the 
Sun, as deduced from thofe obfervations. ‘i 


Early in the morning, when every aftronomer 
was prepared for obferving the tranfit, it unluckily 
happened, that both at London, and the Royal Ob- 
fervatory at Greenwich, the {ky was fo. overcaft 
with clouds, as to render it doubtful whether any 
part of the tranfit fhould be feen :—and it was 38 
minutes 21 feconds patt 7 o’clock (apparent time) 
at Greenwich, when the Rev. Dr. B&js, our Aftro- 
mer Royal, firft faw Venus on the Sun; at which 
inftant, the center of Venus preceded the Sun’s 
center by 6’ 28%.9 of right afcenfion, and was fouth 
of the Sun’s center by 18° 42”.1 of declination.— 
From that time to the beginning of egreis the 
Doctor made feveral obfervations, both of the dif- 
ference of right afcenfion and. declination of the 
centers.of the Sun and Venus; and at laft found 
the beginning of egrets, or inftant of the internal 

contact of Venus with the Sun’s limb, to be at 8 
hours 19 minutes o feconds apparent time.—From 
the Doctor’s own obfervations, and thofe which 
were made at Shirburn by another gentleman, he 
has computed, that the mean time at Greenwich of 
the ecliptical conjunction of the Sun and Venus 
was at $f minutes 20 feconds after 6 o'clock 
in the morning; that the place of the Sun and 
‘Wenus was a (Gemini) 15° 36 33° 3 and thatthe | 
eeocentric latirude of Venus was g 44.9 fouth.— 
cher horary motion from the Sun 3° 54/13) -retra- 
arade.+-and the angle then formed by the axis of © 
the equator, and the axis of the ecliptic, was 6° — 
9 24”, decreafing hourly 1 minute of adegree.— ~ 
.By the mean of three good obfervations, the dia- 
qicter of Venus on the Sun was 58°. i sohe & 

| uth 44 Pari Mr.” 
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Mr. Short made his obfervation at Savile-Houfes 
in London, 30 feconds in time welt from Greenwich, 
in prefence of his royal highnefs the duke of York, 
accompanied by their royal highnefles prince 
William, prince Henry, and prince Frederick.—He 
firft faw Venus on the Sun, through flying-clouds, 
at 46 minutes 37 feconds after 5 o’clock ; and at 
6 hours 15 minutes 12 feconds he meafured the 
diameter of Venus 59°.8.—He afterward found it 
to be 58.9 when the fky was more favourable. — 
And, through a reflecting telefcope of two feet 


focus, magnifying 140 times, he found the internal - 


contact of Venus with the Sun’s limb to be at 8 
hours 18 minutes 21% feconds, apparent time; 
which, being reduced to the apparent time at 
Greenwich, was 8 hours 18 minutes 517 feconds : 
fo that his time of feeing the contact was 82 feconds 
fooner (in abfolute time) than the inftant of it’s be-. 
ing feen at Greenwich. | 

Mefits. Ellicott and Dollond obferved the inter- 
nal contact at Hackney, and their time of feeing it, 
reduced to the time at Greenwich, was at 8 hours 
18 minutes 56 feconds, which was 4 feconds fooner 
in abfolute time than the contact was feen at Grees- 
wich. | 

Mr. Canton, in Spittle-Square, Loudon, 4° 11” wett 
of Greenwich, (equal to 16 feconds 44 thirds of 

time) measured the Sun’s diameter 31° 33° 24° 
and the diameter of Venus on the Sun 58”; and 
by obfervation fotnd the apparent time of the in- 
ternal contract of Venus with the Sum’s limb to be 
at 8 hours 18 minutes 41 feconds; which, by. re- 
duétion, was only 24 feconds fhort of the time at 
the Royal Obfervatory at Greenwich. 

The Reverend Mr. Richard Haydon, at Lefkeard, 
in Cornwall (16 minutes 10 feconds in time weit 
from London, as ftated by Dr. Levis) gbferved the 
internal contaét to be at 8 hours o minutes*20 
feconds, which by redudtion was 8 hours 16 minutes 
30 feconds at Greenwich: fo that he muft have teen 

2 ne? it 


483 


484 


The Method of finding the Diftances 


it 2 minutes 30 feconds fooner in abfolute t time 
than it was feen at Greenwich—a difference by 
fnuch too great to be occafioned by the difference 
of parallaxes. But by a memorandum of Mr. 
Haydow’s iome years betore, it appears that he then 
fuppofed his weft longitude to be near two minutes 
more; which brings his time to agree within half 
a minute of the time at Greenwich ; ; to which the 
arallaxes will very nearly anfwer. 

At Stockbolm Obfervatory, latitude 59° 20°5 
north, and longitude 1 hour 12 ‘minutes eaft from 
Greenwich, the whole of the tranfit was vilible : 
the total ingrefs was obferved by Mr. Wargentin | 
to be at 3 hours 3 39 minutes 23 feconds in the 
morning, and the beginning of egrefs at g hours 
30 minutes 8 feconds: fo that the whole duration 
Between the two Mrernal contacts, as feen at t that 
place, was 5 hours 50 minutes 45 feconds. | 

At Torneo in Lagiend (1 hour 27 minutes 28 
feconds eait of Paris ) Mr. Hellant, who is efteemed 
a very good obferver, found the total ingrefs to be 
at 4 hours 3 minutes 59 feconds; and the begin- 
ning of egrefs to be 9 hours 54 minutes 8 feconds, 
So that the whole ‘duration between the twa in- 
ternal contacts was 5 hours 50 minutes g feconds. 

At Hernofand, in Sweden (latitude 6° 38° north, 
and longitude 1 hour 2 minutes 12 fetonds eaft of 


Paris) Mr. Gifter ‘obferved the total ingrefs to be 


at 3 hours 38 minutes 26 feconds; and the begin- 
ning of egrefs to’ be at 9 hours 29 minutes 21 
feconds ’T he duration between thefe two internal 


contacts 5 hours 50 minutes 56 feconds. wd 


Mr. De la Lande, at Paris, oblerved the begin- | 
ning of egrefs to be at 8 hours 28 minutes 26 — 
feconds' apparent time,—But Mr, lerner (who was 
then at Confians, 14° + weit of the Royal Obferva- — 
tory at Paris) oblerved the beginning of egrefs to 


be at 8 hours 28 minutes 29 feconds true time. 


The equation, or difference between the true and 
| apparent — ! 


; 
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apparent time, was 1 minute 54 feconds.— The 
total ingrefs, being before the Sun rote, cpuld not 
be feen. * 


At Tobolfe, in Siberia, Mr. Chappe obferved the 


total ingrefs to be at 7 hours o minutes 28 feconds - 


in the morning, and the beginning of egrefs to be 
at 49 minutes 207 feconds after 12 at noon.—So 
that the whole duration of the tranfit between the 
internal contacts was 5 hours 48 minutes 522 fe- 
conds, as feen at that place: which was 2 minutes 
3% feconds lefs than as feen at Hernofand in Sweden. 

At Madrafs, the Reverend, Mr. Hirt obferved 
the total ingrefs to be at 7 hours 47 minutes 55 
feconds apparent time in the morning ; and the 
beginning of egrefs at 1 hour 39 minutes 38 feconds 
pait noon.—The duration between thefe two inter- 
nal contacts was 5 hours 51 minutes 43 feconds. 

Profeflor Mathenci at Bologna obferved the be- 
ginning of egrefs to be at g hours 4 minutes 58 
dteconds. | 

_ At Calcutta (latitude 22° 30° north, nearly 92° 
eaft longitude from London) Mr. William Magee 
obferved the total ingrefs to be at 8 hours 20 
_minutes 58 feconds in the morning, and the begin- 
ning of egrefs to be at 2 hours 11 minutes 34 
_feconds in the afternoon, The duration between the 
two internal contacts 5 hours 50 minutes 36 feconds. 

At the Cape of Good Hope (1 hour 13 minutes 35 
feconds eaft from Greenwich) Mr. Mafon oblerved 
the beginning of egreis to be at g hours 39 minutes 
50 feconds in the morning. 

All thefe times are collected from the obfervers’ 
accounts, printed in the Philofophical Trantfactions 
for the years 1762 and 1762, in which there are 

feveral other accounts that I have not tranfcribed. 
The inflants of Venus’s total exit from the Sun 
are likewife mentioned, but they are, here left out, 
as not of any ufe for finding the Sun’s parallax. 

Whoever compares thefe times of the internal 
contacts, as given in by different oblervers, will find 
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fuch difference among them, even thofe which were 
taken uféon the fame {pot, as will fhew, that the in- 
ftant of either contact could not be fo accurately 
perceived by the obfervers as Dr. Hatiey thought 
it could: which probably arifes from the difference 
of peoples eyes, and the different magnifying 
powers of thofe telefcopes through which the con- 
tacts were feen.—If all the obfervers had made 


~ufe of equal magnifying powers, there can be no © 


doubt but that the times would have more nearly 
coincided: fince it is plain, that fuppofing all their 
eyes to be equally quick and good, they whofe 
telefcopes magnified moft, would perceive the — 
point of internal contact fooneft, and of the total 
exit Jateit. | 

Mr. Short has taken an incredible deal of pains 
in deducing the quantity of the Sun’s parallax, 
from the beft of thofe obfervations which ‘were — 


made both in Britain and abroad: and finds it to 


have been 8.52 on the day of the tranfit, when 
the Sun was very nearly at his greateft diftance — 
from the Earth; and confequently 8%.65 when the 
Sun is at his mean diftance from the Earth.—And _ 


indeed, it would be very well worth every curious 


perfon’s while, to purchafe the fecond part of Vo- 
lume LIL of. the. Philofophical Tranfactions, for 
the year 1763; even if it contained nothing more ~ 
shan Mr. Shori’s paper on that fubjett. 

The log. fine (or rangent) of 8”.65 1s 5.6219140, — 
which being fubtraéted from the radius 10.0000000, © 


leaves remaining the logarithm 4.3780860, whofe 


number is 23882.84; which is the number of 
femidiameters of the Earth that the Sun is diftant 
from it.—And this laft number, 23882.84, being 
multiplied by 3985, the number of Engli/h miles” 
contained in the Earth’s femidiameter, gives 
06,173,117 miles for the Earth’s mean diftance 


r 


from the Sun,.—But becaufe it is impoffible, from 


the niceft obfervations.of the Sun’s parallax, to be 


fure of its true diftance from the Earth within 100° 
miles, 


ae 
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miles, we fhall at prefent, for the fake of round 
numbers, ftate the Earth’s mean diftance frem the 
Sun at 95,173,000 Engilifh miles. « 
And then, from the numbers and analogies in 
 § x» and 14 of this Differtation, we find the mean 
diftances of all the reft of the planets from the 
Sun in miles to be as follows.—Mercury’s dif- 
tance, 36,841,468 ;, Venus’s diftance, 68,891,486; 
Mars’s diftance, 145,014,148 ; Jupiter's diftance, 
494599029763 and Saturn’sdiftance, 9073950,130°- 
So that, by comparing thefe diftances with thofe 
in the Tables at the end of the chapter on the 
Solar Syftem +, it will be found that the dimen- 
fions of the Syftem are much greater than what 
was formerly imagined; and confequently, that 
the Sun and all the planets (except the Earth) are 
much larger than as ftated in that table. 

The femidiameter of the Earth’s annual orbit 
being equal to the Earth’s mean diftance from the 
Sun, viz. 95,173,000 miles, the whole diameter 
thereof is 190,346,000 miles. And fince the cir- 
cumference of a circle is to it’s diameter as 355 1s 
to 113, the circumference of the Earth’s orbit 1s | 
597,989,046 miles. ta 

And, as the Earth defcribes this orbit in 365 
days 6 hours (or in 8766 hours) it is plain that 
it travels at the rate of 68,216.9 miles every hour, 
‘and confequently 1136.9 miles every minute fo 
that iv’s velocity in it’s orbit is at leaft 142 trmes 
as great as the velocity of a cannon-ball, fappoting 
the ball to move through 8 miles in a minute, 
which it is found to do very nearly :—and at this 
rate it would take 22 years 228 days for a cannon- 
ball to go from the Earth to the Sun. 


- * When I computed the diftances in the laft line of § 145, 
pag. 106. I] had heard that the Sun’s parallax was found to 
be 8% 69; which occafions the difference between thofe dif- 
tances and thefe which arife here from the parallax 8.65, as 
j found it in the Philofophical Tranfactions, 

+ Fronting pag. 40 
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On the 3d of June, in the year 1769, Venus 
will again pafs over the Sun’s difc, in fuch a man- 
ner, as to afford a much eafier and better method 
of inveltioating the Sun’s parallax ‘than her tranfit — 
in the year 1761 has done.—But no part of Britain 
will be proper for obferving that tranfit, fo as to. 
deduce any thing with refpect to the Sun’s paral- 
jax from it, becaufe it will begin but a little be- 
fore fun-fet, and will be quite-over before 2 o’clock 
next morning.—The apparent time of conjunction 
of the Sun and Venus, according to Dr. Hatiey’s 
Tables, will be at 13 minutes paft 10 o’clock at 
night at London, at which time, the geocentric 
latitude of Venus will be full ro minutes of a de- 
cree north from the Sun’s center :—and therefore, 
as feen from the northern parts of the Earth, 
Venus will be confiderably depreffed by a parallax 
of latitude on the Sun’s difc; on which account, 
the vifible duration of the tranfit will be length- 
ened: and in the fouthern parts of the Earth fhe 
will be elevated by a parallax of latitude on theSun, 
which will fhorten the vifible duration of the tranfit, 
with refpeét to it’s duration as f{uppofed to be feen 
from the Earth’s center; to both which affections 
of duration the parallaxes of longitude will alfo 
con{fpire.—So that every advantage which Dr. 
Hattvey expected from the late tranfit will be found 
in this, without the leaft difficulty or embar- 
raffment.—It is therefore to be hoped, that nei- 
ther coft nor labour will be fpared in duly obferv- 
ing ae tranfit , efpecially as there will not be fuch 
another Ne pion again in lefs than 105 years 
afterward. — ) 

The moft proper places for obferving the tranfit 
in the year 1769 is in the northern parts of Lap- 


‘lend, and the Solomon Tfes in the great South-Sea; 


at the former of which, the vitble duration be- 
tween the two internal contacts will be at leaft 22 
minutes greater: than at the latter, even though the 
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Sun’s parallax fhould not be quite 9 ——If it be 
gq’ (which is the quantity I had affumed in a deli- 
neation of this tranfit, which I gave in to the 
Royal Society before 1 had heard what Mr. Short 
had made it from the obfervations on the late 
tranfit) the difference of the vifible durations, as _ 
feen in Lapland and in the Solomon Ifles, will be as 
expreffed in that delineation; and .if the Sun’s. 
parallax be lefs than 9” (as I now have very good 
reafon to believe it is) the difference of durations 
will be lefs accordingly. | 
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The numeral Figures refer to the Articles, and 
the {mall 7. to the Notes on the Articles. 


A. 
| CCELERATION of the Stars, 221. 
Angle, what, 185, 2. . 
Annual Parallax of the Stars, 196. 
Anomaly, what, 239. 
Antients, their fuperftitious notions of Eclipfes, 329, 
Their method of dividing the Zodiac, 361. 
Antipodes, what, 122. 
Apfides, line of, 238. : 
ARCHIMEDES, his ideal Problem for moving the Earth, 


159. 

Areas defcribed by the Planets, proportional to the times, 
153, 

na eon: the great advantages arifing from it both in our 
religious and civil concerns, I. 

Difcovers the laws by which the Planets move, and 
are retained in their Orbits, 2. 

Atmofphere, the higher the thinner, 17 4, 

It’s prodigious expanfion, zézd. 

It’s whole weight on the Earth, 175. 

Generally thought to be heavieft when it is lighteft, 
175. 

Without it the Heavens would appear dark in the 
day-time, 177. : 

Ts the caufe of Twilight, zbid. 

At’s height, idid. 

Refra@ts the Sun’s rays, 178. 

Caufeth the Sun and Moon to appear above the Hori 

, zon when they are really below it, 178. 

Foggy, deceives us in the bulk and diftance of ob- 
jects, 185. 

Attraciim, 1OI—105. | 
Decreafes as the fquare of the diftance increafes, 106. 
Greater in the larger than in the fmaller Planets, 158. 
Greater in the Sun than in all the Planets if put to- 

gether, zb7d. 
| Axes 


Ae | 
Axes of the Planets, what, 19 
Their different pofitions with refpect to one another, 
120. 
Axis of the Earth, it’s Parallelifm, 202. 
It’s pofition yaviablé as feen from the Sun or wile 
338. the Phenomena thence arifing, 340. . 


B. 


' Bodies, on the Bare; lofe of their weight the nearer - 
' are to the Equator; 117. 

_ How they might loofe all their weight, 118. 

How they become vifible, 167. 
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Calculator (an Titiatsent defcribed, 399. 


Calendar, how to infcribe the Golden Numbers right.in 


it for thewing the days of New Moons, 386. 

Cannon- Ball, it’s fwiftnefs, 89. 7 
In what times it would fly from the Sin to the differ- 
ent Planets and fixed Stars, ibid, 

Cassini, his account of a double Star eclipfed bY, the 
Moon, 58. 

His Diagrams of the Paths of the Flap ah ai 

Cat talogue of the Eclipfes, 327. 

* OF the Conftellations and Stars, 362. | 


Of remarkable Aéras and Events, 396. Sey all 


Celeftial Globe improved, 401. 
 _ Centripetal and centrifugal forces, how they alternately 
overcome each other in the motions of the Planets, 
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Changes ‘in the Heavens, 366. 

~ Circless of perpetual” Apparition and Occultation, 128. 

Of the Sphere, 198. 

Contain 360 Degrees, whether they be great or {mall, 
2.0 

~ Civil Yor, what, 374. 

_ CoLumsBus (Curistorner) his ftory concerning | an 
. Echpte,"' 320. 

Clocks and Watches, an eafy method of ROW a ae whether 
they go true or falfe, 223. 


Why they feldom agree with the Sun if GY go true, 
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Clocks and Watches, how to regulate them by Equation 
Tables and a Meridian Line, 225, 220. 
~ Cloudy Stars, 365. 
Cometarium (an Inftrument) defcribed, 400, 
Con/tellations, antient, their number, 359. 
‘The number of Stars in each, according to different 
| Aftronomers, 362. 
Cycle, o° Lunar, and Romith, 383. 


D. 


Darknefi at eur SAVIOUR’s crucifixion fupernatural, 395. 
Day, natural and artificial, what, 380. 
And Night, always equally long at the Equator, 126. 
Natural, not compleated in an abfolute turn of the 
. Earth on it’s Axis, 222. 
Degree, what, 207. 
Digit, what, 336, 
_ Direéiion, (Number of ) 389. 
_ Diftances of the Pianets sie the Sun, an idea thereof, 8g. 
A Table thereof, 98. 
How found, 190; and in the Differtation on the 
Tranfit of Venus, Chap XXIII, 
Diurnal and annual Motions of the Earth illuftrated, 2,00; 
202. 
Dominical Letter, 390. 
Double projectile force, a balance to a Quadruple Pree of 
Gravity, 153. . 
_ Double Star covered Py the Moon, ; 58. 


E. 


Barth, it’s Bulk but a point as feen from,the Sun, 3 
It’s Dienst annual Period, ‘and Diftance from the 
‘Sun, 47. ; 
Turns round it’s Axis, zdzd. 
Velocity of it’ s equatorial Parts, ibid. 
Velocity in it’s annual Orbit, ibid. 
Inclination of it’s Axis, 48. 
Proof of it’s being globular, or nearly fo, ashe 314. 
. Meafurement of it’s furface, 50. 
Difference between it’s equatorial and polar Diame- 
ters, 76. 
It’s motion round the Sun demenftrated by gravity, 
108, 


TiN PR ee 


, 108; 111. by Dr. Bran ey’s obfervations, 113. 
by the Eclipfes of Jupiter’s Satellites, 219. 


a 


- Earth, it’s diurnal motion highly probable from the ab- \g 


furdity that muft follow, upon fuppoting it not to move, 
rr1, 120. and demonftrable from it’s figure, 116, this 
_ motion cannot be felt, 119. | 
- ObjeCtions againft it’s motion anfwered, Ti Jeh Bete 


It has no fuch thing as an upper or under fide, 122, 


in what cafe it might, 12:33 
The fwiftnefs of it’s motion in it’s Orbit compared 
with the velocity of light, 197. 


{It’s diurnal and annual motions illuftrated by an ealy . 


experiment, 200. 


‘Proved to be lefs than the Sun, and bigger. Ben the 


Moon, 315. 
Eafler Cycle, 388. 
Eclipfareon (an Inftrument) defcribed, 405. 
Eclipfes of Jupiter’s Satellites, how’ the Léigieade: is 


found by them, 212, they demonftrate the velogty 4 | 


‘light, 216. 
Of the Sun and Moon, 312—350. 
Why they happen not in every month, anes 
~ When they muft be, 317. ee 
_ Their Limits, id. Ret 
Their Period, 320. 
A differtation on their progrefs, ibid. FP oc 
| » A large Catalogue of thein, 2278 ln wren he . 
- Hiftorical ones, 328. fie 
More of the Sun than of the Moon,’ and why, 333> 
The proper Elements for their calculation and pro~ 
jection, 353: 
Ecliptic, it's Signs, their names and charaéters, gr. 
_ Makes different Angles with the Horizon every hour 
_and minute, 275. how thefe Angles may be efti- 
mated by the pofition of the Moon’s horns, 260. 


-# 


It’s obliquity to the Equator lefs now than it was : 


formerly, 368. 


Elongations, of the Planets, as feen by an obferver at | 


reft on the outfide of all their Orbits, 133, 


Of Mercury and Venus, as feen from the Earth illuf- ‘i 


trated, 142. it’s quantity, 143. 


Of Mercury, Venus, the Earth, Mars, and Jupiter 5 3 ; 


their quantities, as feen from Saturn, 147. 
Equation of time, 224—245. 
Equator, day and night always equal there, 126. - 
Equator, 


4 Be Ne D4 Bk, 


Equator, makes always the fame Angle with the Horizon 
of the fame place; the Ecliptic not, 274, 275. 

Equinoliial Points, in the Heavens, their preceflion, 246. 

a very different thing from the receffion or anticipa- 

tion of the Equinoxes on Earth, the one no ways 

-occafioned by the other, 249. 
fEras or Epochs, 396. 
| Excentricities of the Planets Orbits, 155. 


F. 


Fallacies in judging of the bulk of objets by their ap- 
parent diftance, 185; applied to the folution of the 
_ horizontal Moon, 187. 
| “Firft Meridian, what, 207. | 
Fixed Stars, why they appear of lefs magnitude when 
viewed through a telefcope than by the bare eye, 35 4« 
‘Their number, 355. 
Their divifion into different Claffes and Conftellationg, 
358, 359. 
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General Phenomena of a fuperior Planet as feen from an 
' inferior, 149. | : 
Gravity, demonftrable, 101—104. | 
Keeps all bodies on the Earth to it’s furface, or brings 
them back when thrown upward; and conftitutes 
their weight, 101, 122. 
Retains all the Planets in their Orbits, 103. 
Decreafes as the {quare of the diftance increafes, 106. 
Proves the Earth’s annual motion, 108. 
Demonftrated to be greater in the larger Planets than 
in the fmaller; and ftronger in the $un than in all 
the Planets.together, 158. 
Hard to underftand what it is, 160, 
| Acts every moment, 162. 
Globe, (Celeftial) improved; 401. 
Great Year, 251. 


H. 


Harmony of the celeftial motions, 111. 
Harveff-Adoon, 273 —-293- 

None at the Equator, 273. | 

‘a tae “Harveps 


rN DEX. 


Harveft- Moon, remarkable at the Polar Circles, say 
In what years moft and leaft advantageous, 292. 
Heat, decreafes as the fquare of the diftance from the 
‘Sun increafes, 169. 
“Why not greateft when the Earth is neareft the Sun, 
205. 
Why greater about ‘iter o’Clock in. the afternoon 
than when the Sun is on the Meridian, 300. 
Heavens, feem to turn round with different velocities as 


feen from the different Planets ; and on different Axes 


as feen from moft of them, 120. 


“Only one Hemifphere of them feen”at once from any. 


°°) “one Planet’s furface, 125. 
The Sun’s Center the only point’ from Which their 
_ true Motions could be feen, 1356 

Changes in them,’ 366. | 

aadiabil what, 125, 2. ° | 

Horizontal Moon explained, 187. : 

#icrizontal Parallax, of--the Moon, 1903 5 of the San, 
191; beft obferved at the Equator, 193. 

Hour-Cireles, what, 208. 

Hour of time equal to 15 degrees of motion, Saat 
How divided by the ‘Jews, etait and Arabians, 


ng2i090) 
We tes si his ‘thoughts concerning the diftance of 
fome By sie Bae N wb ini | 
: dake ale 


Inclination of V etmas's- Axis, 29. 

Of the: Earth’s, 48. © 

Of the Axis or Orbit'of a Planct’on! nettle 201. 
Inhabitants of the Earth (or any other Planet) ftand on 


“- oppofite fides with their feet toward one another, yet 


each thinks himfelf on the upper Gas, 122. 


Fulian Period, 392: ’ 

Jupiter, it’s ditennes diameter, etal and annual ager 
lutions, 67—-69. 
The BE of it’s Belts, 70.. 
Has no difference of feafons, 71. 


, 4 


‘ 
7 
" 
9, 


w 
Ly 
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_ - 
Has four Moons, 72. their grand: Peay we ihe 


Angles which their: Orbits fubtend as feen from 


the 


| ati pO 
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~ the Earth, 74. moft of them are eclipfed in every 
revolution, 75. 

Fupiter, the great difference between it’s equatorial and 
polar Diameters, 70. | 
The inclination of it’s Orbit, and place of it’s Afcend- 

ing Node, 77. 
The Sun’s light 3000 times as ftrong on it as Full 
Moon- light” is ow the Earth, 85. 
Is probably inhabited, 86. 
‘The amazing ftrength required to oth it in motion, 

Rt het 

The figures of the Paths defcribed by it’s aes 269. 
L. 

Light, the tdelbeleable fmallnefs of it’s sedi ad 165; 
and the great mifchief they would do if they were 
larger,-166. 

It’s furprifing velacityl 166. compared with the fwift- 
nefs of the Earth’s annual motion,» 197. 

Decreafes as the fquare of the dittance from the lumi- 
nous body increafes, 169. 

Is refracted in pafling through different Mediums, 
I7I—I 

Afferds a Proof ff the Earth’s annual motion, 107, 
21 

Tn “ci ie time it comes from the Sun to the Earth, 216. 

_ this explained by a figure, 217. 

Limits of Eclipfes, 317. 

Line, of the Nodes, what, 317; has a sant eave mo- 
tion, 319. . 
Of Sines and Chords, how to make,. 369. 

Lowa (Rev. Dr.) his method of comparing the quan- 
tity of the furface of dry Land with that af the Sea, 


51. 

His glafs fphere, 126. . 
Longitude; how found, 207—213. 
Lucid Spots in the Heavens, 364. 
_ Lunar Cycle deficient, 385. 


M. 


Magellanic Clouds, 365. 
Man, of a middle fize, how much nailed by the weig oht 
of the MASSING 1753 why this preflure is not felt, 


thid, 
Kk Mars, 


Bust i) ten eae a 
‘ x de : a 


“Wars, if’s ePisnidler,: Period, Diftanee and other Pligs. 
_. nomena, 64-67. Y Be ay 
‘Mather, is properties: 992 6 kei 40° ee eae, 


Mean Anomaly, Le 4 an 
Mercury, it's Diameter, Period, Diftance, &¥e. 22.) 
_ Appears in all the fhapes of the Moon, 23. 
When it will be feen on the Sun, 2 
_ The inclination of it’s “Orbit and Place of it’s Afeend- 
“" “ing Node, ibid. ~ 


si It’ 2 Path delineated, 138. 


. pe to fhew it’s Phafes and apparent. Motion, 


Pay (Quickfilver) in ibe Barometer, why not aifs 
feé&ted by the Moon’s raifing Tides in the AS ak I. 


Meridian, firft, 207. 


Line, how to draw one, 226. 
Milky Way, what, 363. 
Months, Fewifh, Arabian, Egyptian, and Gr eciait » 378. 
Moon, her Diateter and Periody 5a." > 
Her Phafesy: 533: 255. 
Shines not by'her own Tight, 54. 
Has no difference of feafons, 55. 
The Earth is a Moon to her, 56. . ] 
~ Has'no Atmofphere of any vilible Denfity, 385. nor 


Seas, 59. 
How her inhabitants may be. yA Rioi ie to medi their 
year, 62. 
Her light compared with daylight, 8s, | a3 
The excentricity of ‘her Orbit, 98..°0 5 = A990) ' 


“Ys nearer the Barth: now than fhe was formerly, 163. ; 
* ‘Appears bigger ‘in ‘the Horizon than at any confider- 
able height above ‘it; and why, 1873; yet is feen 
much under the fame Angle in both cafes, 188. 
Her furface mountainous, 252; if {mooth, fhe could 


lize ogive.us no light, zbrd. 


Why no hills appear round her: edge, 253° 
Has no, Twilight, 254- 
Appears not always quite round when full, 256. i} 
Her Phafes agreeably reprefented, by a elobular Stone 
'.2 viewed in Sunfhine when fhe is above the Hori- ‘4 
zon, and the obferver placed as if he faw heron 


the top of the Stone, 258. a ee i 
Turns round her Axis, 262. © i 
The length of her Solar and sychal Day, 1 


‘Her periodical and fynodical revolution weg re 


iw? ‘ ry. or 4 
rr ? “ 7 

+ 

iv, 


© by the motions of the hour and minute hands of, a 
Watch, 264. i ii’ ee: 

Moon, her Path delineated, and fhewn to be always.con~ 

cave tothe Sun, 265—268. | + ao 

' Her motion alternately retarded and accelerated, 267. 
Her gravity toward the Sun.greater than toward the 
Earth at her Conjunction, and why fhe does not 

then abandon the Earth on that account, 268.. 
Rifes nearer the time of Sun-fet: when about the full 
in harveft for a whole week than when the is about 
the full at any other time of the year, and why, 
273—284: this rifing goes through a courfe of in~ 
creafing and decreafing. benefit to the farmers every 
Ig years, 292. | , 
Continues above the Horizon of the Peles for fourteen 
of our natural Days together, 293. 
Proved to be globular, 3145 and to be lefs than the 
> Earth, 315, Ata 
Her Nodes, 317. alcending and defcending, 318. theic 
retrograde motion, 319. 3 ie 
Her acceleration. proved from antient Eclipfes, 322, 7. 
Her Apogee and Perigee, 336. ry 
Not invifible when the is totally eclipfed, and why, 346. 
How to calculate her Conjundtions, Oppolitions, and 
Eclipfes, 353- vee Ps 7 
How to find her Age in any Lunation by the Golden 
Number, 422. | 

Morning and Evening Star, what, 145, 

Motion, naturally rectilineal, 100... ss 4e555 48°71 
Apparent, of the, Planets as feen, by a fpectator at reft 
~ “on the outfide of all their Orbits, 1333. and of the 

Heavens as feen from any Planet,” fo ee 


Ne.) 


Natural Day, not completed in the time that the Earth 
Mita: rotrid 166 Axis” 222. ke cyeuaa eth ies 
New and Full Moon, to calculate the times of, 353. 
New flars, 366. cannot be Comets,” 2070 <Megds 
New Stile, it’s original, 377. iiyn a 
Nides, of the Planets Orbits, their places int the Eclip- 
tIGy (208 1c) ; 
Of the Moon’s Orbit, 317. their retrograde motion, 319+ 
Nonagefimal Degree, what, 259. 
Vumber of Direétion, 389. 
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-Objedsy we often mide thei ‘bulk, by miftaking iy. 
diftance, 185. | 
. Appear bigger, when feen spatial a! fos pha through 
4) oclear air, and why, ibid. this applied to the folu- 


i... tron of the Horizontal Moon, ae ie sod 
Oblique Spheres what, 131. Slt obo ad 4 ost 
(Nympiadsy whats: 3235-6 bo v6) oi) ton 
sOnbits of the Planets mot folid, at. 2 9) 6 4.) , 
-Orreries deferibed, 397,398, 3998 » 6 > 4 Saks 
. Tea ht bo cy balsa" bee hy EN ae Me Nits ee t s 
: od Raulatoo’s bam, sain 

ma Ok athe Rie 
Parallax, Horizontal, what, 190... da ssunabap a 


Parallel Sphere, Wiiat, I2t. Ch lexis ss | 
Path of the’ Moon, 205-267. int Passions 

Of Jupiter’s Moons, 260. a , 4 
Pendulums, their vibrating flower at. the prover pe than 


near the Poles pie “that the jEarth AEDS OR it’s 
Axis, rigs 


Penumbra, whe en ME doa . oy 
 dt’s velocity'on.the’ Earth.in Solar. Eel. B31 E 
 Peried af aliglt B85 320 320, wold 


Phafes of the Moon, 255. : 
Planets, much of the dame-nature. swith the Earthy, Tt. 
Some have Moons belonging ‘to them, 12.....14 
Move all the fame Lue as-feen from. the Sun,. buen ‘not 
as feen from one another, 18. 
‘Their Moons denstethem-to.be ipbabited, ae 
‘be :propertional ,baeadth of the, Sun’s Dife as feen 
from. each of them, 87. 
Their proportional bulky as feen from (394 Sung 88. 
An idea of their diftancés from the Sun, 8o. 
_ Appear biccer and lefy’ by turns, and why, 90+ 
> “Are deept! thine Or rbits: a ed i a ‘of : grate) TOM 
Deh st aes. i ‘ 

Their motions Ray inregular as eas from the Earth, 
Pe cae motions: of yen and Venus) rddli- 
neated by-Pencils‘in an'Orrery, 638.0. 9 
Elongations of all the reft as feen from Maat, % 
DAH: equal: areas in-equalrtimes, | iS: Sai ae : 
The excentricities of their: Orbits,’ 15S. Ene : 
In what times they yey fallitocthe Sum by thei power, ’ 4 
; of gravity, 167 | 
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\ F lanets, 


thereof, 163. 
Appear dimmer when feen through telefcopes than by 
the bare eye, the reafon of this, 170, 
Planetary Globe defcribed, 402. 
Polar Circles, 198. 
Poles, of the Planets, what, 19. 
Of the world, what, 122. 
Celeftial, feem to keep in the fame points of the Hea- 
vens all the year, and why, 196. 
Projeétile' Perce, 150; if doubled, would require a qua- 
_ druple power of gravity to retain the Planets in their 
emt, 154. 
Is evidently an impulfe from the hand of the AL- 
2 WIGHT Y, 161. 
Preceffion of the Equinoxes, 246—251. 
‘Ptolemean Syftem abfurd, 95, 140. 


iRG 


/ 
Rays of Light, when not difturbed, move in ftraight lines, 

and hinder-not one another’s motions, 168. 

Are refracted in pafling through different mediums, 171. 
Reflection of the Atmofphere caufes the ‘Twilight, 177. 
Refraction of the Atmofphere bends the rays of Light from 

ftraight lines, and keeps the Sun and Moon longer in 

fight than they would.otherwife be, 178. . 

A furprifing inftance of this, 183. 

Muft be ailowed for in taking the Altitudes,of the 

celeftial bodies, ibid. 
Right Sphere, 131. 


S. 


Satellites, the times of their revolutions roundstheir, pri- 
mary planets, 52, 7:3, 80. bbs wits @ 
Their Orbits compared with each other, with the 

Orbits of the primary Planets, and with the Sun's 
circumference, 271. 
What fort of Cuives they defcribe, 272. eT 

Saturn, with his Ring and Moons, their Phenomena, 
78, 79, 82. yeh 
The Sun’s light '1000 times as ftrong to him» as the 

light of the Full Moon is to us, 85. 
The Phenomena of his Ring farther explained, 204. 

Our bleed Saviour, the darknels at his Crucifixion fu- 
pernatural, 352. sit 

Our 
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Our ble effed ae saauh benbae year o 
» found to agrée with. an aftronomical. caleu 
Scafams: different, illuftrated bye an nealy experiment; 200 ; 

by, D fig ues OW hi ply, gaye bah vib bax hok a 
Bitte what, 312. 
Sydereal Time, what, 221; the number. "of. ‘Gydercal 4 
Days ina year cacerdh the number of Solar Rays by — 
one,.and why, 222. 
An eafy method for regulating Clocks la Watches 
Byiit, Bae. is OP ae 
SmitHy, (Rev. Dr.) his comparifon between N ‘oon- niliahe § 
and Day-light, 85. MES 
His demonftration that light deervafes a8 Bi of 
_ the diftance from the luminous body bicttelss, 169. 
(My. Georce) his Differtation on the Progrefs of a. 
folar Eclipfe ; following the Tables at. 320. a 
Solar Afironomer, the judgment he might be ‘fuppofed to. 
make concerning the Planets and’ pea 1. 1399 136. “e 
Sphere, parallel, oblique, and right, 131, : 
It’s Circles, 198. Sh Oke a. A Oh i 

Spring and Neap Fides, "yo." 'b:3 10 waite sai Ws HG 
Stars, their vaft diftance from the Earth; bigs “196s! bf ¥ 

Probably hot all at the fame diftance, A 

Shine by. theit own light, and’ are’ ‘therefore’ Suns, ie 

probably to other worlds, BE ORO A Se & 

‘A’ proof that they do not move round ithe. ieih tit. 

Have an apparent flow motion round the Poles’ of the 


Ecliptic, | and. why, 251. is vii Apri if} ia 
A Catalogue’ of a 362, hes stot bbls 1 if 
Cloudy, 365: PN sac kal ts) umes eae 
New, 366. s a TF DAL POTS ond mh: 5, Y 


Some of them suai thet places,” 36H! | 
Starry Heavens have the fame appearance ae any y pat 
“of the Solar Syftem, ‘1322 %) ” of! ee | Ma 
Sun, appears bigger than the Start and why; “ ‘ q 
Turns round his Axis, 18. as iat ae), 
“His proportional breadth as feen from the iferent 
_ Planets, 87. id 
Defcribes unequal arcs ‘above and below the Horlzon 
at different times, and why, 130. 5 > : 
His Center the only place from which the true motions ) 
of the Planets could be feen, 135. 4 
Is for half .a year tegether vifible at each Pole i in ny 
~ turn, and as long: invifible, 200, 294 | e 
Is nearer the Earth in Winter than in Saiineté 205 io ae 
Why his motion agrees fo fi eldom with the motion of 
wa a well. regulated Clock, 224— 245. | 


: 3, would n He thes { fill the Moon's Orbity: aps «OQ 
Prarel to be much bigger than the Earthy and: the 
Earth to be bigger than the Moon,! Brig) 
Sy/tems, the Solar, 17—953 the : erosaaen 06 5 hg 
oe gaa Oe: 
ae 
mee is : | 
Table of the Periods, Revolutions, Magnitudes, Diftances, 
vc. of the Planets, facing § gg. 
_ Of the Air’s rarity, compreffion, and eopagiin nat dif- 
ferer heights; 174. 
Of. fefactions, 182. 
For converting time into motion, and the reverfe, 220. 
For fhewing how much of the celeftial Equator pafies 
over the Meridian i in any part of a mean Solar Day ; 
and how much the Stars accelerate upon the meait 
Solar time for a month, 221. 

Of the firft part of the Equation of time; 229.3 of 
the fecond part, 241. 

Of the preceffion of the Equinox, 247. 

Of the length of Sydereal, Julian, and Tropical Years, 
2,4 
_ Of the Sun’s place and Anomaly, 
» Of the Equation of natural Days, 

Of the Conjunétionr of the hour and minute hands 

if of a Watcli, 264. , 

_ Of the Curves defcribed by the Satellites, 272. 

OF the difference of time in the Moon’s, rifing and 
fetting on the parallel of London every day. ducing 
her courfe round the Belyptic, 277. tA 

_ Of the returns of a Solar Bcliples 320. 

Of Eclipfes, 327. " 

For calculating New and Full Moons. and. Ea tiples, 
following 353. — 

- Of the Conftellations and aye ee of ihe Stars, 362. 

OF the Sewrh, Egyptian, Arabic, and Grecian ‘months, 


following 256. 


379: 
For inferting the Golden Numbers right i in the Ca- 
ay lendar, 386. ety ARN . 
_. Of the times of all the New Moons for 76 Years, 387. 
_. Of remarkable AMras or Events, 396. 
Of the Golden Number, Number of Teen: Do- 
agvor Letter, and Days of the Months, follow- 


ing 396 
 THaxes’s Eolp, 3 323. 
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Up and down, only relative terms, 122. 
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Velocity of Light compared: with at velocity. ae the atte 


in it’s annual CTL Eis Eyre ee 
Venus, her bulk, diitance, period, length of da, ‘_ 
nights, 26. 
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- Shines not by her own light,:. Wid ica th ue oe. “4 
Is our morning and evening AGEs Bey ‘ast aatt 
Her Axis, how, Situated, .206,1; >, aqtnesaen ae ee 
Her furprifing Phenomena, 2943. voids alty YO 


~The inclination of her Orbit, he 
‘When fhe will be feen on ‘the ‘Sun, thid.. sta 
How it may probably be foon known if the has a Sa 
tellite; 46. 
Appears in all the Shapes of the Moon, yen pias 4 
An experiment to thew her: Phafes. and apparent Mo-. 
Jog CON, T4ke, i) lo oyeistib edo 
Vi fons) how caufed, 167. 
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Weather not hotel one the-Sun is neal vom and: 
why, 205. , ome oY 8. al i 
Weight, the caufe of it byh: ius ae 
We orld not ‘eternal, 164. oy alt ak ale 
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Year 270. Great, 25. Tropical, 37 
~ Lunar, 373. Civil, 374. Biffextile, 
Few, Egyptian, Arabic, and Gre 
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